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The temperature con t ro l  of s a t e l l i t e s  and spacecraf t  i s  one of t h e  most 
chc l  i engi ng techni  ca l  problems con f ron t ing  spacecraf t  designers and mater i  a1 s 
ei?ginet?rs. The u l t i m a t e  o b j e c t i v e  o f  thermal design i s  t o  ensure t h a t  t h e  
spacecraf t  operates w i t h i n  a  prescr ibed temperature ranye de f ined  by t he  tem- 
pera tu re  1 i m i t a t i o n s  o f  t he  v e h i c l e ' s  ma te r i a l s  and components. 
One o f  t h e  pr imary passive methods used t o  achieve thermal con t ro l  has 
been t he  use o f  coat ings w i t h  h i gh  re f l ec tance  o r  low s o l a r  absorptance (aS)  
t h a t  are r e s i s t a n t  t o  d i s c o l o r a t i o n  i n  a  vacuum-ul t rav io le t  envi ronment . An 
ino rgan ic  pigment t h a t  has been found t o  e x h i b i t  h igh  r e f l ec tance  and s t a b i l -  
i t y  i s  Zn0 .' TWO coat ings t h a t  have been used ex tens ive ly  on var ious space- 
c r a f t  a re  2-93 and S13GlLO. Both incorpora te  ZnO as a pigment the  former 
us ing  potassium s i l i c a t e  as a  b inder  and t he  l a t t e r  us ing a  methyl s i l i c o n e .  1 
ZnO however. i s  a  strono absorber i n  the  u l t r a v i o l e t  reg ion l i m i t i ~ g  i t s  
2 a b i l  i t y  t o  r e f l e c t  so l a r  energy. Therefore, more recent  work has been i n -  
vol  ved w i t h  the  development of another pigment , z inc  o r t h o t i  tana te  ( Zn 2Ti 04) ,  
which e x h i b i t s  h igher  re f lec tance  than ZnU i n  t h e  near u l t r a v i o l e t ,  as shown 
i n  Figure 1. 
Synthesis o f  z inc  o r t h o t i t a n a t e  pigment by var ious ceramic processing 
methods has been s tud ied  on a  prev ious program.3 Pain t  fo rmu la t ion  and appl i- 
ca t i on  s tud ies ,  as wel: as evd lua t ion  and r h a r a c t e r i z a t i o n  o f  t he  phys ica l  and 
o p t i c a l  p rope r t i es  o f  t he  pa in t ,  have shown t h i s  system t o  e x h i b i t  h i gh  poten- 
t i a l  as a  new generat ion thermal con t ro l  coa t iny .  The "MOX" method, i .e., t h e  
use o f  separate ly  p r e c i p i t a t e d  z inc  and t i t a n i u m  oxa la te  precursors ,  has t h e  
d i s t i n c t  advantages o f  s imple and r a p i d  processing and con t ro l  l e d  pigment 
p a r t i c l e  s i ze .  Thus. t h i s  p a r t i c u l a r  synthesis method was emphasized i n  t he  
cu r ren t  program. 
The ob jec t i ve  c f  t he  cu r ren t  program was t o  develop a  s p e c i f i c a t i o n  
qua1 i t y  z inc  o r t h o t i t a n a t e  coa t ing .  This r epo r t  presents the  r e s u l t s  o f  .' 
var ious s tud ies  conducted on t h i s  program which have l e d  t o  a  p a i n t  system 
designated YB-71. This s i  1  icate-bonded Zn2Ti04 coa t ing  i s  discussed i n  de ta i  1  
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i n  t he  next  sec t ion ,  Subsequent sect ions o f  t h i s  r e p o r t  a re  devoted t o  d i s -  
cussions of t he  d i f f e r e n t  s tud ies  which were as f o l l ows :  
Pigment Studies - The e f f e c t s  o f  precursor  chemistry,  
p r e c u r s o r x f i K y  procedures, s to ich iomet ry  v a r i a t i o n s ,  
and of d i f f e r e n t  heat t reatments on t he  phys ica l  and 
o p t i c a l  p rope r t i es  of Zn2Ti04. 
-- Binder Studies - Co~nparison of i no rgan ic  s i l i c a t e  t o  
7
o r g a n i c 1  cone b inder  systems. 
Paint  Studies - The e f f e c t s  of p igment- to-binder 
- - - .  
r a t i o ,  water ccntent ,  and o f  d i f f e r e n t  cu r i ng  proce- 
dures on t he  o p t i c a l  and phys ica l  p rope r t i es  o f  
Zn2TiOq-potassium s i  1  i c a t e  coat ings.  
&ce -- Simulat ion . -------------- Studies - - ~ n v i r o n m a i t a l  t e s t s  t o  
determine the UV-vacuum s t a b i l i t y  o f  coat ings f o r  
dura t ions  up t o  5000 equiva lent  sun hours. 
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OF POOR QUALITY 
2. PA INT  SPECIFICATIONS FOR YB-71 
2.1 MATERIALS 
Zinc o r t h o t i t a n a t e  pigment i s  synthesized by an IITHI process termed 
- I "MOX " i n  which z inc  and t i t a n i u m  oxa la te  precursors a re  fab r i ca ted  mixed t o  
t h e  co r rec t  s to ich iometry ,  pre-reacted a t  600°C, and f i n a l l y  f l a s h  ca lc ined  a t  
900°C. The b inder  PS7 potassium s i l i c a t e ,  i s  obtained from Sylvania E l e c t r i c  
Products. . 
2.2 FORMULATION 
The ma te r i a l s  are mixed i n  a  pigment- to-binder vreight r a t i o  (PBR) o f  7.1. 
A t y p i c a l  batch i s  100 grams Zn2Ti04 30 cc PS7 and an amount o f  d i s t i l l e d  
water t o  g i ve  optimum spray v i s c o s i t y  as determined by t r i a l  mix. B a l l  m i l l -  
i n g  i s  conducted w i t h  porce la in  b a l l s  i n  a dense alcmina m i l l .  A m i l l i n g  t ime  
o f  2 t o  4 h r  y i e l d s  a  s a t i s f a c t o r y  consistency and i s  recommended. 
. 
The p a i n t  i s  formulated j u s t  p r i o r  t o  a n t i c i p a t e d  p p l i c a t i o n .  Shelf 
t ime should be l i m i t e d  t o  6  hr ,  and t h e  mix tu re  should be shaken f r equen t l y  t c  
resuspend t he  pigment . 
i 2.3 SUBSTRATE PREPARATION 
Substrates should be abraded, e.g., w i t h  No. 60 Aloxide metal c l o t h ,  
us ing a detergent m ix tu re  such as 50% A1 conox-50% Comet c leanser.  Vigorous 
scrubbing w i t h  as much pressure as t h e  p a r t  can t o l e r a t e  i s  used. The sur fdce 
i - i s  thoroughly r insed,  checked f o r  water. break-free c o n d i t i o n  and d r i ed .  The 
p a r t  i s  ready f o r  pa in t ing ,  which should be done as soon as poss fb le  t o  assure 
i c l  eanl i ness of the  subst r a t e .  I 
2.4 APPLICATION 
1 The fo rmu la t ion  i s  appl ied by spray-pa in t ing.  The gas pressure should be 
clean; p r e p u r i f i e d  n i t rogen  i s  a  good source. The a p p l i c a t i o n  technique con- 
s i s t s  o f  spraying a t  a d is tance of 6  t o  12  i n .  u n t i l  a  r e f l e c t i o n  due t o  t h e  
l i q u i d  i s  apparent. This i s  fo l lowed by a i r - d r y i n g  u n t i l  t h t  g lossy wet 
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appearance i s  p r a c t i c a l l y  gone a t  which t ime t h e  spray ing-dry ing c y c l e  i s  
repeated. A th ickness of about 2 t o  3 m i  1 s  i s  achieved per c y c l e  . Coat ing 
dimensions can t he re fo re  be p red i c t ab l y  appl i ed .  However, hand-sprayi ng i s  
i nhe ren t l y  an a r t .  and experience must be gained by t he  i o d i v i d u a l  p a i n t e r  t o  
determine t h e  most s a t i s f a c t o r y  technique f o r  him, and h i s  optimum appl i c a t i o n  
r a t e  
2.5 CURING 
Sat i s f ac to r y  phys ica l  p rope r t i es  are obtained by an a i r  cure i n  a  c lean 
environment f o r  not  1 ess than 14 days. A temperature o f  75' f 10°F and a  
r e l a t i v e  humid i ty  o f  50 f 25% are recommended. 
2.6 REAPPLICATION 
The porous nature of a  cured coa t ing  necess i ta tes heavy spraying when a  
second coat i s  app l ied  which y i e l d s  t he  c h a r a c t e r i s t i c  gloss o f  a  sa t i s f ac -  
t o r y ,  f i n i s h e d  t ex tu re .  Wett ing o f  t h e  sur face w i t h  d i s t i l  l e d  water spray 
j u s t  p r i o r  t o  p a i n t i n g  i s  a l so  suggested. A fourteen-day lapse should occur 
a f t e r  t he  i n i t i a l  app l i ca t i on ,  p r i o r  t o  r edpp l i ca t i on ,  t o  assure r r ope r  cure 
o f  t he  f i r s t  coat .  
2.7 REPAIR 
An area which has been contaminated o r  damaged should no t  be cleaned 
chemicc l ly .  l he  de fec t i ve  area shoqld be phys i ca l l y  removed by abrading w i t h  
a  ceram c t o o l  which w i  11 no t  leave a  residue. The ad jo i n i ng  coated areas 
s h ~ u l d  be feather-edged and t i l e  area cleaned w i t h  su rg ica l  gauze wip ing and 
b l o r ~ i n g  (c lean, dry  n i t r ogen )  . The area can then be repain ted us ing t h e  reap- 
p l i c a t i o n  technique described above. 
2.8 PHYSICAL PROPERTIES 
The coa t ing  i s  porous and r e l a t i v e l y  s o f t ,  so t h a t  i t  can w i ths iand  
stresses w e l l .  Samples o f  YB-71 on aluminum have been subjected t o  thermal 
c y c l i n g  from +22S°F t o  -250°F i n  a vacuum o f  1 Torr .  P d e t i r i o r a t i o o  i n  
adhesion was observed as a  r e s u l t  o f  t h i s  t r e a l  nent . Samples have a1 so Seen 
cooled t.o t h e  range o f  -300°F t o  -400°F f o r  a  per iod  of 45 minutes w i t h  no ap- 
parent loss  i n  bond i n t e g r i t y .  
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S o i l i ~ ~ g  tendencies a re  high, however, due t o  t h e  porous nature o f  t h e  
coat ing.  P ro tec t ion  from contaminat ion can be prov ided by a Mylar o r  Tedlar 
f i l m  which can be placed on t h e  coa t ing  a f t e r  a 10-day cure. 
2.9 OPTICAL PROPERTIES 
Minimdl so l a r  absorptance o f  about 0.1 2 can be achieved a t  a th ickness o f  
abouc 8 m i  1s .  An emit tance o f  about 0.90 can be expected @or YB-71 w i t h  a 
drop t o  about 0.84 a t  -220°F. 
An increase i n  as o f  about 0.02 o r  l ess  car1 be expected a f t e r  500U equiv-  
a l en t  sun-hours (ESH) . Emittance i s  no t  a f f e c t e d  over t h i s  exposure t ime.  
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3. PIGNEN r STUDIES 
A great  deal o f  research has been performed t o  ob ta i n  pigment ma te r i a l s  
s t ab le  t o  t h e  u l  t rav io le t -vacuum environment. Much o f  t he  e a r l y  screening o f  
i no rgan ic  powders was conducted a t  I I TRI and has been documented i n  several  
repor ts .  3-5 From t h i s  work, z inc  ox ide  and subsequently z inc  o r t h o t i t a n a t e  
(Zn2Ti04) were determined t o  be the  most s t ab le  pigments. The purpose of t h e  
cu r ren t  p i  gment techno1 ogy s tud ies  was t o  dove1 op methods f o r  producing z inc  
o r t h o t i t a n a t e  (Zn2Ti04) thermal con t ro l  pigments o f  h i gh  r e f l e c t i v i t y  ( low as) 
and s tab i  1  i t y  . 
3.1 SYNTHESIS OF ZINC ORTHOFTANATE 
Synthesis o f  Zn 2Ti04 a t  e levated temperatures by a  so l  i d - so l  i d  r eac t i on  
6 has been repor ted by several i n v e s t i g a t o r s  . Bartraln and Sl epetys descr ibed 
i t s  p repara t ion  from anatase t i t a n i a  and z inc  oxide by r eac t i on  a t  800" t o  
1000°C f o r  3  h r .  Reaction t imes o f  48 h r  a t  800°C t o  ob ta i n  Zn2Ti04 from a 
z i nc  o x i d e - t i  t a n i c  ac i d  r eac t i on  have been repor ted A phase diagraln (F i  yure 
2) f o r  t he  ZnO-Ti02 system proposed by Du l in  and ~ a s e '  shows the  ex is tence o f  
a  1Zn-to-1Ti compound, ZnTi03, as we1 1 as the  o r t h o t i t a n a t e .  Both inves t iga -  
t o r s  showed t he  presence o f  secondary phases, such as ZnTi03 ZnO, and/or Ti02 
i n  t h e i r  Zn2TiU4 products, i n d i c a t i n g  t he  need f o r  accurate  s to ich iometry  
con t ro l  t o  ob ta i n  a  pure product.  
The use o f  decomposable s a l t  precursors t o  enhance reac t ion  o r  s i n t e r -  
abi  1  i t y  o f  oxides has been repor ted by several i n v e s t i g a t o r s .  8-10 An example 
o f  t h i s  enhancement i s  t h a t  o f  a  h i gh -pu r i t y  BaTi03 produced from coprec ip i -  
t a t ed  BaTiO(C$4)4 *4~9 .I1 
The present study was thus d i r e c t e d  tcward processing of the  z inc -  and 
t i tan ium-source precursors so t h a t  r a p i d  conversion t o  71 2Ti04 under modest 
t irne/temperature requirements cou ld  be achieved. A t  t he  same t ime i t  was 
necessary t o  modify u l t ima te  f i r i n g  cond i t i ons  t o  minimize s i n t e r i n g  e f fe ' c ts  
l h a t  a re  encouraged by such powder processing p r i o r  t 9  f i r i n g .  The var ious 
synthesis processes which have been s tud ied  i n  past programs a t  I I T R I  are d i s -  
cussed i n  t h e  fo l low ing  sect ions.  
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3.1.1 So l i d  --.----- State Reaction - 
-- 
h e  i n i t i a l  method s tud ied  a t  I I T R I  f o r  producing Zn2TiOq cons is ted  o f  
reac t ing  z inc  ox ide w i t h  t i t a n i u m  d iox ide .  A se r i es  o f  g r i nd iny  an4 mix ing  
operat ions a re  c a r r i e d  ou t  a t  1 cw temperature t o  assure good p a r t i c l  e- to-  
p a r t i c l e  contact  and. hence, r e a c t i v i t y  o f  t h e  two oxides (F igure 3).  Forma- 
t i o n  o f  t h e  Zn2Ti04 pigment i s  accomplished by f i r i n g  a t  9E°C f o r  18 A r ,  
add i t iona l  g r i n d i  na f o l  1 owed by reac t i ve  encapsulat ion and/or i nduc t i on  p l  as- 
ma ca l  c i  n i ng2  t o  ob ta in  a s tab le  product.  A t o t a l  o f  4 h r  o f  wet g r i nd ing  and 
1/2 h r  of d ry  g r i nd ing  i s  conducted p r i o r  t o  f i r i n g ,  and t h i s  i s  fo l lowed by 
an add i t i ona l  12-24 h r  o f  g r i nd ing  f o r  comninution o f  the  Zn2Ti04 product.  
The mu l t i t ude  o f  g r i nd ing  steps i n  t h i s  process has t he  disadvantayes of 
1 ong processing t imes and t he  dangers o f  i n t r oduc ing  deyradable contaminants . 
Although plasma c a l c i n i n g  appear t o  be favorable f o r  ach iev ing a s tab le  p i g -  
ment, i t  invo lves a ra the r  soph is t i ca ted  apparatus, and t he  y i e l d  i s  sanewhat 
low. Another disadvantage o f  t he  s o l i d  s t a t e  reac t ion  process i s  the  r e l a -  
t i v e l y  l i m i t e d  con t ro l  o f  t h e  pigment p a r t i c l e  s ize .  I n  view o f  t h e  l i m i t a -  
t i ons ,  s tud ies o f  the  use o f  s a i t  precursors f o r  Zn and T i  were conducted i n  
an e f f o r t  t o  ga in  a super ior  product.  
3.1.2 Copreci p i t a t i o n  ( C O P 1  
The purpose o f  t he  c o p r e c i p i t a t i o n  method (COP), shown i n  F igure  4, i s  t o  
ob ta in  an i n t ima te  mix tu re  o f  z inc  and t i t a n i u m  compounds. This excel l e n t  
m ix ing  along w i t h  the  h i gh l y  r eac t i ve  nature o f  the oxides der ived upon decorn- 
p o s i t i o n  o f  these compounds, permits p a r t i a l  conversion t o  Zn2TiOq under mod- 
e ra te  cond i t ions  c f  60U°C/2 h r .  Other nave shawn t h a t  h igher  
temperatures and/or longer t imes are necessary us ing less  reac t i ve  z inc  and 
t i  t a n i  um precursors such as the  oxides. 
The cop rec ip i t a t i on  method invo lves the  simultaneous add i t i on  o f  a mixed 
s o l u t i o n  o f  z inc and t i t a n i u m  ch lo r ides  t o  a so lu t i on  o f  o x a l i c  ac id .  The re -  
s u l t i n g  s o l u t i o n  i s  then heated to, and he ld  a t  a s p e c i f i e d  temperature, dur- 
i n g  which t ime i t  i s  cont inuously s t i r r e d  wh i le  the p r e c i p i t a t e  i s  forrnsd. 
Ca lc ina t ion  and f i r i n g s  are performed i n  standard atmospheric e l e c t r i c  
. . 
furnaces. I n  the  600°C p r e f i  r i n g  about 50 w t %  of the mater ia l  i s  l o s t  as de- 
composit ion v o l a t i l e s .  The heat ing r a t e  t o  600°C i s  maintained a t  a moderate 
1-1/2 h r  t o  accommodate the  l a rge  evo lu t i on  of gases dur ing  the  oxa la te  decom- 
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Complete conversion t o  ZnETi04 was conducted a t  temperatures from 900" t o  
1400°C. F i r i n g  t imes o f  2 h r  were used up t o  1300°C; t h e  1400°C soak t ime was 
5 minutes. To r e t a i n  t h e  mate r ia l  i n  uns in te red  form, samples were f i r e d  as 
loose powders us ing what may be termed " f l a s h  c a l c i n a t i o n  ." h i s  invo lved  
d i r e c t  i n s e r t i o n  o f  t h e  powder, which was i n  a  fused s i l i c a  conta iner ,  i n t o  a  
furnace a t  t he  p resc r ibed  f i r i n g  temperature. Approximately 15 minutes was 
needed f o r  l a r y e  batches (1000 y )  t o  a t t a i n  temperature. Samples were removed 
i n  a  s i m i l a r  abrupt manner a f t e r  t he  prescr ibed f i r i n g  t ime.  
A d e f i n i t e  advantage o f  t h i s  method i s  t h a t  no g r i n d i n y  i s  necessary f o r  
ob ta in ing  pigment p a r t i c l e s  amenable t o  incorpor$t ion i n t o  a  p a i n t .  Labora- 
t o r y  scale-up s tud ies  showed t h a t  batches of about 1.5 pounds could  be pro-  
duced; f u r t he r  scale-up may be a t t a i n a b l e  w i t h  l a r g e r  r eac t i on  vessels.  
I n  a  prev ious a number o f  COP ma te r i a l s  designated t h e  LH 
se r ies  were evaluated. Opt imizat ion of these ma te r i a l s  i n  terms o f  o p t i c a l  
p rope r t i es  and s tab i  1  i t y  was achieved through s tud ies  o f  p r e c i p i t a t i o n  para- 
meters, c a l c i n a t i o n  cond i t i ons  ac i d  1  eachi ny f o r  excess ZnO, and encapsul a- 
t i o n .  The LH pigments can thus be considered a v i a b l e  backup p i g r e n t  t o  the  
MOA mate r ia l s  which a re  discussed i n  t he  next sec t i on .  . 
3 .I .3 M i  -- xed Oxal a t e  (MM Process 
The mixed oxa la te  s tud ies were conducted t o  determine i f  t he  p a r t i c l e  
s i ze  o f  the  precursor  oxalates and t he  Zn2Ti04 obtained from t h e i r  c a l c i n a t i o n  
cou ld  be con t ro l l ed .  This i n v e s t i g a t i o n  was prompted by t he  observat ion t h a t  
COP mate r ia l s  exh ib i t ed  a  tendency toward agglomeration dur ing  p r e c i p i t a t i o n .  
It was be1 ieved t h a t  t h i s  m i  yh t  be avoided through mix ing of the separate ly  
p r e c i p i t a t e d  and d r i e d  z inc  and t i t a n i u m  o ra l a tes .  
The "MOX" ~nethod, d is t ingu ished  from the  COP ~nethod, ernploys two indepen- 
dent and separate steps i n  the  pt-oduction of t he  z inc  and t i t a n i u m  oxala tes . 
Un l i ke  those i n  t h e  COP process, the  cond i t i ons  and parameters i n  t he  "MOX" 
method may be separate ly  estab l ished and c o n t r o l l e d  t o  produce an optimum pre -  
c i  p i  t a t ed  product .  
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stud ies3 have shown t h a t  t h e  p r e c i p i t a t i o n  cond i t i ons  f o r  producing an 
optimum z inc  oxa la te  product d i f f e r  markedly from those f o r  "Tiox."* I n  t h e  
C O P  method, t h e  need f o r  a  9 0 ° C  p r e c i p i t a t i o n  cond i t i on  f o r  "TiOX" requ i res  
t h a t  t he  z inc  oxa la te  a lso  be p r e c i p i t a t e d  a t  t h i s  temperature. However i t  
has been shown i n  our recent s tud ies  t h a t  z i nc  oxa la te  a f  f i n e r  p a r t i c l e  s i z e  
can be obtained a t  a  temperature as low as 1 0 ° C .  A f i n e r  p a r t i c l e  s i z e  z i nc  
oxa la te  i s  des i r ab le  from two standpoints:  f i r s t ,  t o  ob ta i n  a  precursor  o f  
f i n e  ? a r t i c l e  s i z e  and, thus, a l so  o f  t he  f i r e d  product;  and second, t o  ob- 
t a i n  .,iproved mix ing  o f  z i nc  oxa la te  w i t h  "TiOX." A c l ose r  match o f  t he  par-  
t i c l e  s i zes  of t h e  z inc  oxa la te  and "TiOX" should improve mix ing and enhance 
t h e  r e a c t i v i t y  as we l l  as t h e  u n i f o r m i t y  i n  t h e  reacted b i na ry  oxide. 
Experimental r e s u l t s  showed t h a t  a  f i n e r  p a r t i c l e  s i z e  z inc  o r t h o t i t a n a t e  
cou ld  be achieved us ing t h e  very f i n e  precursors.  The MOX process consequent- 
l y  holds a  d i s t i n c t  advantage i n  t h a t  cond i t i ons  f o r  optimum products and 
y i e l d s  o f  z inc  oxa la te  and "TiOX" can be es tab l i shed  f o r  each independently. 
Zn2Ti04 obtained by ca l c i na t i on '  o f  t h e  mixed " TiOX" and ZnOx p r e c i p i t a t e s  can 
be u t i l i z e d  as a  pigment w i t h  no g r i nd i ng  as i s  t h e  case w i t h  t he  COP process 
m a t e r i a l .  A summary of the  MOX process c u r r e n t l y  considered optimum i s  shown 
i n  Table 1. 
3.2 'TiOXm CHARACTERIZATION 
The reac t i on  of TiC14 w i t h  H2C204*2H20 i n  an aqueous medium of 90°C 
y i e l d s  a  f i n e l y  d i v i ded  whi te  p r e c i p i t a t e  designated " T i O X  ." X-ray ana lys is  
o f  t h i s  mate r ia l  has revealed a  we1 1  -defined, reproduc ib le  powder pa t t e rn  'ram 
batch t o  batch.  When heated t o  about 300°C or  h igher ,  t h e  ma te r i a l  decomposes 
t o  TiOZ. The s tud ies  discussed i n  t h e  f o l l ow ing  sec t ions  were conducted i n  an 
e f f c r t  t o  b e t t e r  charac te r i ze  the  chemical i d e n t i t y  o f  "TIOX." 
3.2.1 Grav imetr ic  - Analysis 
It has been es tab l i shed  i n  prev ious s tud ies  t h a t  c a l c i n a t i o n  o f  "TiOX" a t  
temperatures of 300°C o r  h igher  r e s u l t s  i n  t he  format ion o f  T i02 w i t h  a  weight 
*"TiOXU rneans precipi ,ate formed by r eac t i ng  TiC14 w i t h  oxal i c  a c i d  i n  an 
aqueous media a t  90'C. 
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1 TABLE 1. MIXED OXALATE (MOX) PROCESS FOR SYNTHESIS OF ZINC ORMOTI TANATE 
-. -- -~ -- 
i 
! Mate r ia l s  Prepare aqueous so lu t i ons  o f  Tic1 ( ~ 1 5 ° C )  and ZnC12 (room temperature) Preparat ion 
- 
.:! Oxal a te  h C l 2  (aq.) + H2(C$4)'2H20 (aq.) + lnC$I4*2H$ ( s )  + 2HC1 (aq.) (room 
J Preparat i on temperature11 h r )  , 
TiC14 (aq .) + H2(C$4) 0ZH20 (aq .) + "TiOX" (s! + nHC1 (aq .) (90°C/1 h r )  
Each oxa la te  f i l t e r e d  w i t h  copious water washings t o  pH a 7 and dr'ed a t  
6O0-70°C f o r  >16 h r .  . . . 
_. 
M i  x i  ng Oxalate mix tures t o  y i e l d  2Zn/lTi r a t i o  b a l l  m i l l e d  i n  ny lon b o t t l e s  w i t h  
po rce la i n  b a l l s  f o r  >10 h r  
Pre- ZnC20 *2H20 + "TiOx" + m2TiO4 + in0 + TiD2 + v o l a t i l e s  (600°C/2 h r ,  t ime 
c a l c i n a t i o n  t o  6 8 0 " ~  - 1 h r )  
F lash  Zn T i0  + ZnO + Ti02 + Zn2Ti04 
Ca lc ina t ion  ( 9 8 0 ~ ~ 9 4  h r )  ( R e a c ~  I an goes t o  c ~ m p l  e t  i on) 
I n s e r t  d i r e c t l y  i n t o  furnace a t  900°C. Time t o  90U°C about 15-20 minutes 
Soak f o r  4 h r  . Remove and cool  . 
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l o ss  o f  about 46%. This weight loss ,  however, cou ld  vary as much as tl%, thus 
making t he  design oC exact s to ich iomet ry  d i f f i c u l t .  The molecular weight as- 
s igned t o  "TiOX" i n  e a r l i e r  work was ca l cu l a ted  as: 
where 79.90 = molecular weight o f  T i02 
54.0 = f r a c t i o n a l  amount o f  Ti02 res idue 
x = molecular weight o f  "TiOX" = 147 96 
If t h e  f r a c t i o n a l  residues were 0.53 o r  0.55, t h e  apparent molecu: a r  weight o f  
t he  "TiOX" precursor  would be 150.75 o r  145.27 respec t i ve l y .  
Dur ing t h e  present s tud ies,  t h e  "TiOX" was precondi t ioned by hea t ing  a t  
80°C f o r  16 h r  folowed by s torage i n  a des icca to r  over CaS04. This ma te r i a l  
was then c a r e f u l l y  weighed, converted t o  T i02 a t  850°C, and reweighed t o  de- 
termine t he  f r a c t i o n a l  res idue.  The data showed a reproduc ib le  value o f  143.2 
f 0.1 as the  molecular weight o f  t he  "TiOX." 
These experiments i n d i c a t e  t h e  value o f  p recond i t i on i ng  i n  t h a t  a more 
constant ( reproduc ib le )  precursor  o f  p red i c t ab le  weight loss ,  and thus T i02 
product i s  obtained. This i s  accomplished through removal o f  mois ture which 
absorbs on t h e  h igh  sur face area "TiOX." V a r i a b i l i t y  i n  t h i s  absorbed water 
can occur due t o  temperature and humid i ty  cond i t i ons ,  as we l l  as t he  amount o f  
a c t i v i t y  of t h e  a v a i l a b l e  surfaces of t he  "TiOX" p a r t i c l e s .  I n  con t ras t ,  z inc  
oxa la te  has been found t o  be much more s tab le  i n  s torage e x h i b i t i n g  ca lc ina -  
t i o n  weight losses of 57.02 t o  57 .lo% o r  very c lose  t o  t he  t h e o r e t i c a l  value 
of 57.04%. The r e s u l t s  o f  weight loss  s tud ies  a re  shown i n  F igure 5. 
Using a F isher  Model 260P d i f f e r e n t i a l  thermal analyzer programmed f o r  a 
temperature r i s e  o f  10°C per minute,  100 mg samples of " TiOX" and o f  z inc  oxa- 
l a t e  were run against  100 mg o f  fused s i l i c a .  I n  t h e  case of "TiOX" t he  t e s t  
revealed a s i n g l e  l a r g e  endotherm s t a r t i n g  a t  approximately 160°C and peaking 
a t  260°C, and no f u r t he r  marked thermal a c t i v i t y  t o  750°C (F igure  6 ) .  The 
ex is tence o f  on ly  one r e l a t i v e l y  sharp endotherm i nd i ca tes  t h a t  ' "  TiOX" i s  no t  
-. 
a hydrate;  however, water o f  hydra t ion  may be hidden by t h e  l a rge  endotherm. 
The z inc  oxa la te  showed two endothermic peaks t y p i c a l  of hydrate,  one begin- 
n i ng  a t  approximately 107OC and peaking a t  165OC, fo l lowed by a second peak 
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Titanium Oxalate 
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Mixed Oxalate 
Temperature, O C  
F i g u r e  5 .  W e i g h t  l o s s  v s .  t e m p e r a t u r e  f o r  z i n c  o x a l a t e ,  t i t a n i u m  o x a l a t e ,  
and mixed o x a l a t e s  ( 2  h r s  a t  t e m p e r a t u r e )  . 
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beginning s l i g h t l y  above 310°C and peaking a t  40a°C, and showed no f u r t h e r  
thermal ac t r  v i  t y  t o  750°C (F igure  7) . 
3 -2.2 -- SEM and - X-ray Analys is  
Examination o f  f ou r  batches o f  "TiOX" ("TIOX-T through  ti ox-5") shows 
the mate r ia l  t o  cons is t  o f  sphere- l ike  aggregates of p a r t i c l e s  which a re  l ess  
than one micron i n  s i ze  (F igure 8). Good u n i f o r m i t y  from batch t o  batch was 
e v i d e n t ,  and t h i s  morphology i s  s i m i l a r  t o  t h a t  determined on a previous pro-  
gram. 
The "TiOX" ma te r i a l s  have a l so  been examined usincl X-ray .,: v s i s .  
. 
Debye-Scherrer powder pd t te rns  shew t h a t  t h e  cu r ren t  mater i  a; :. I *  i d e n t i c a l  
i n  c r y s t a l l i l i e  s t r u c t u r e  t o  t h a t  produced i n  prev ious programs. i h i s  shows 
t h a t  t he  present precondi t ioned "TiOX" w i t h  a molecular weight o f  about 143 
(as compared t o  t h e  "o l d "  mate r ia l  o f  about 147) has had on ly  absorbed sur face 
water removed; 1 oss of chemical l y  combined water would general l y  resu i  t i n  a 
change i n  c r y s t a l  s t r u c t u r e  o r  s i ze .  
3.2.3 - Chemical Analys is  
Charac te r i za t ion  o f  "TiOX" has inc luded  chemical ana lys is ,  and t h e  re-  ' ' 
s u l t s  of the  analyses of two l abo ra to r i es  a re  as f o l l ows :  
Laboratory Sampl e 
--- 
%c 
-- 
%H 
.- 
M 1 8.98 1 .85 
M 2 8.95 1 -84 
P 3 8.75 2.11 
P 4 8.98 2.10 
Based on a molecular weight o f  143.2, t he  r e s u l t s  from Lab "M" would cor res-  
pond t o  12.85 g o f  carbon and 2.65 g of hydrogen, which may be t r ans la ted  t o  
one atom of carbon and t h ree  atoms o f  hydrogen. The Lab "P" data would be 
12.66 g C and 3.01 g H, o r  one atom C and t h r e e  atoms H. Based cn these re -  
s u l t s  along w i t h  an assumption t h a t  t h e  balance i s  oxygen t h e  atomic makeup 
o f  "TiOX" may be w r i t t e n  as Ti (OH) 2C03e 
I l l  R E S E A R C H  I N S T I Y U T E  
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3.2.4 -- Summa= 
The "TiOX" charac te r i za t ion  s tud ies  have shown how i t  can be rendered 
i n t o  a  more reproducib le  mater ia l  i n  t e n s  o f  weight l oss  i .e., by the  pre-  
cond i t ion ing  step. Although t he  chemical makeup o f  "TiOX" was no t  determined 
p rec ise ly ,  the  magnitude o f  a  c r y s t a l  lographic  determinat ion was be1 ieved t o  
be beyond t he  scope o f  t h i s  program. The improved r e p r o d u c i b i l i t y  o f  "TiOX" 
was an important outcome i n  assur ing r e p r o d u c i b i l i t y  o f  Zn2Ti04. 
Previous methods used t o  mix "TiOX" w i t h  z inc  oxa la te  have invo lved  the  
use o f  porce la in  b a l l s  i n  glass b a l l  m i l l s .  ~owGver, t h i s  sometimes resu l t ed  
i n  t he  powder m ix tu re  s t i c k i n g  both t o  the b a l l s  and t he  m i l l  wa l l ,  lead ing 
not  on ly  t o  loss  o f  mater ia l ,  bu t  a l so  t o  t he  posl ib i  I i t y  o f  a  change i n  the  
&/Ti  r a t i o  of the  mixture.  
Experiments were conducted w i t h  polymeric mater ia ls ,  i .e ., 1/2 i n .  nylon 
b a l l s  i n  polypropylene conta iners  i n  an e f f o r t  t o  preclude such s t i c k i n g .  
Mixtures o f  z inc  oxalate w i t h  "TiOX" t o  y i e l d  a  Zn/Ti r a t i o  o f  2  t o  1 were 
b a l l  m i l l e d  both d ry  and wet ( isopropy l  a l coho l ) .  A f t e r  recovery o f  the mate- 
* .  
r i a l s  from the  polymeric m i l l s ,  samples were ca lc ined  and evaluated gravimet- 
r i c a l l y  and opt ica: ly .  
The data obtained a re  summarized i n  Table 2. General observations are 
tha t ,  a f t e r  d ry  mixing, essen t ia l  l y  complete recovery o f  powder was ef fected;  
t h i s  i s  r e f l e c t e d  i n  the  very sinall d i f fe rences  i n  weights before and a f t e r  
mixing. Recovery o f  powder a f t e r  wet mix ing i s  somewhat more invo lved i n  t h a t  
t he  powder must be separated from the  l i q u i d  ( isopropanol)  as we l l  as the 
b a l l s .  The added handl ing necessary resu l t ed  i n  greater  weight changes as 
compared t o  d ry  mixing. MSx No. 3 gained 0.75%, and mix No. 4 l o s t  1.86%. 
The samples were subjected t o  a  p reca lc ine  of 500°C/2 h r ,  fol lowed by 
format ion o f  Zn2Ti04 a t  900°C/2 h r .  The weight losses due t o  the  decomposi- 
t i on - reac t ion  process were a l l  q u i t e  c lose t o  t heo re t i ca l  as seen i n  the l a s t  
column i n  Table 2. 
Reflectance curves o f  900°C ca lc ined  mater ia ls  prepared from dry  m i l l e d  
and wet m i l l e d  precursors are snown i n  F igure 9. Botn show a "knee," ind ica-  
t i v e  o f  excess z inc  oxide. The wet mil led-based mater ia l  e x h i b i t s  the  "knee" 
a t  lower re f lec tance,  suggesting h igher  ZnO content .  
TABLE 2. SUMMARY OF MIXING STUDIES 
Mater i  a1 Weight , g hi ght 
Mi x f nto  Recovered Change, Weight X ~ e s i d u e ~  
No. 
- 
Hedi un HI 1 1 From H i l l  X m2 h r  9 0 m  h r  
- 
I 1 Dry 91.75 91.41 -0.37 4--54 45.86 
I 2 Dry 91.75 91.81 +0.06 46.70 46.20 
3 Isopropanol 91.75 92.44 +Om 75 47.13 46.51 
I 
I 4 Isopropanol 91.75 90.04 -1.86 47.89 47.17 
a ~ h e o r e t i  ca l  : 46.57% 
I 
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F i g u r e  9 .  R e f l e c t a n c e  s p e c t r a  of -n T i 0  powders  p r e p a r e d  f rom d r g  mixed  4 
and vet mixes p r e c u r s o r s .  
2 3 
These observat ions show t h a t  t he  use of polymeric media r e s u l t s  i n  prac- 
t i c a l l y  no s t i c k i n g  o r  loss  of powder. This may be due t o  a  "non-charged" na- 
t u r e  o f  t he  p l a s t i c s  and/or the  use of a  precondit ioned, d r i e d  "TiOX ." hu :  , 
t h i s  mix ing technique minimizes l oss  of mate r ia l  i n  m i l l i n g ,  and t he  p o t e n t i a l  
change i n  m ix tu re  s to ich iometry  through such loss  has been g r e a t l y  reduced. 
This o f f e r s  a  p o s i t i v e  step toward d e f i n i t i o n  o f  engineer ing spec i f i ca t i ons  
f o r  processing o f  MOX mater ia ls .  
3.4 SrOICHYOCYlRY EFFECTS 
I n  previous s tud ies of s to ich io lne t r i c  e f f ec t s  a t  :!T!,~ i t  has been ob- 
sec\ed t h z t  a  &/Ti  r a t i o  of 1.9011 produced "pure" Zn2Ti04, i .e ., a re f l ec -  
tance spectra revea l ing  no f ree 8 0  o r  TiOE. As shown i~ Figurc s 10 and 11, a  
ZnO "knee" i s  observed a t  a  ZnITi r a t i o  as low as 1.9511 for  300°C ca lc ined  
pigments, and a t  a  & / T i  r a t i o  of 2.0011 f o r  1200°C ca lc ined  pigments. The 
cur ren t  program was designed t o  cont inue s to ich iometry  s tud ies  t o  f u l l y  char- 
a c t e r i z e  the  e f f ec t s  of var ious & /T i  r a t i o s  on o p t i c a l  p roper t ies  o f  Zn2Ti04. 
3.4.1 Pigment Preparat ion 
Zinc o r t h o t i  tana te  powders having & /T i  r a t i o s  o f  1.8511, 1.9011, 1.9511, 
2.0011, and 2.0511 were prepared by the MOX method. Mixtures of z inc  oxalate-  
"TiOX" compos'ltions were dry-blended i n  polypropylene containers us ing ny lon 
b a l l s .  A 500°C/2 h r  p reca i c i na t i on  was fol lowed by f i n a l  reac t ion  a t  900"C/2 
h r  o r  1050°C/2 hr ,  us ing the  f lash  c a l c i n a t i o n  method o f  d i r e c t  i n s e r t i o n  o f  
the  powder i n t o  a  furnace a t  temperature fol lowed by removal t o  room tempera- 
t u r e  condi t ions.  This method minimizes heat-up and cooldown t h a t  can add t o  
an undesirable increase i n  p a r t i c l e  s i ze  due t o  s i n t e r i n g .  A f low diagram 
showing the  processing appears i n  F igure 12. 
A summary o f  g rav imet r i c  ~ n d  X-ray ana lys is  appears i n  Table 3. A com- 
par ison of actual  weight percent residue versus t heo re t i ca l  reveal s  a  somewhat 
greater  departure a t  the  1.9511 2.0011 and 2.9511 s to ich iomet r ies .  However. 
these d i f fe rences  between actual  and t h e o r e t i c a l  are a l l  q u i t e  small,  and PO 
p a r t i c u i a r  s i gn i f i cance  i s  suggested by these data.  
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Figure 10 .  R e f l e c t a n c e  s p e c t r a  r f  Zn T i 0  pigments c a l c i n e d  a t  900°C, 2 prepared a t  v d r i o u s  ~ n / $ i  r a t i o s .  
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Figure 1 1 .  R e f l e c t a n c e  s p e c t r a  of Zn T i C  pigments  calcFned a t  1 2 0 0 ° c ,  2 p r e p a ~ e d  a t  v a r i o u s  ~ n ) ~ i  r a t i o s .  
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Designation Zn/Ti Ratio 
MOX-85 1.85/1 
MOX-go 1.90/1. 
MOX-95 1.95/1 
MOX-00 2.00/1 
MOX-05 2.05/1 
Figure 12. Flow dizgram for ZnZTiOq syntheses and nonmenclature in 
stoichiometry studies. 
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X-ray analyses revealed t h e  same phase(s) a t  t he  d i f f e r e n t  c a l c i n a t i o n  
temperatures, regardless of s to ich iomet ry  . Zinc ox ide and anatase t i t a n i  a 
were i n  evidence i n  t he  500°C mate r ia l ,  wh i l e  h 2 T i 0 4  was t h e  on ly  phase pres- 
ent i n  t he  900°C and 1050°C powders. No ZnO excess was revealed i n  t h e  X-ray 
s tud ies .  
3.4.2 O p t i c a l  Studies -
The var ious samples i n  Table 3 were prepared as powder compacts f o r  o p t i -  
ca l  ana lys is .  I n  t h i s  method, t h e  powder sample i s  poured i n t o  a  copper r i n g  
which i s  placed on a f l a t  c lean surface. A c l o s e - f i t t i n g  s t ee l  d i sk  i s  i n -  
se r ted  i n t o  the  copper r i n g  over t h e  powder, and a pressure o f  10 000 p s i  i s  
app l ied.  The compacted sample i s  he ld  i n  p lace  by t h i s  d i sk  and a l i p  on t h e  
copper r i n g  as depic ted i n  F igure 13. 
The more commonly used water spray method cons is ts  o f  spray ing a water 
s l u r r y  o f  the  powder sample onto a  heated subs t ra te  such t h a t  t he  water i s  
r a p i d l y  v o l a t i l i z e d ,  l eav i ng  behind a coherent t h i n  powder f i l m  f o r  o p t i c a l  
ana lys is .  h e  advantage of t h e  powder compact technique over t h e  water spray 
method i s  t h a t  t h e  sample th ickness i s  about 118 in., thus e l i m i n a t i n g  sub- 
s t r a t e  show-through in f luences  on re f l ec tance  which can occur w i t h  t h i n  coat -  
i ngs .  
Opt i ca l  spectra i n  t h e  0.3 t o  0.5 micron wavelength reg ion f o r  t he  sam- 
p l es  a re  shown i n  Figures 14 and 15. Among t h e  pdwders ca lc ined  a t  900°C 
(F igure  14), a  t r end  toward ZnO format ion w i t h  inc reas ing  Zn/Ti r a t i o  can be 
observed; a  s i m i l a r  t r end  i s  revealed f o r  t h e  1050°C powders. This co r re l a tes  
w i t h  e a r l i e r  work i n  which a r a t i o  of 1.90 was shown t o  y i e l d  a  powder f r e e  o f  
ZnO or  Ti OE as deterrni ned from r e f  1  ectance curves. 
There i s  a  quest ion as t o  whether t he  " r e a l "  z inc  o r t h o t i t a n a t e  does i n -  
deed e x i s t  as a  Znl egoTiOq composit ion. The good c o r r e l a t i o n  between ac tua l  
vs. t h e o r e t i c a l  weight losses (Table 3) i nd i ca tes  t h a t  t he re  i s  no preferen-  
t i a l  l o ss  o f  e i t h e r  t he  z inc  o r  t i t a n i u m  phase. Also, extens ive c a l c i n a t i o n  
exper imentat ion w i t h  z inc  oxa la te  and "TiOX" have es tab l i shed  p red ic tab le ,  re -  
p roduc ib le  weight 1  osses, such t h a t  the  precursor  s to ich iomet ry  should be 
q u i t e  accurate. Both o f  these experimental f i nd ings  would suggest t h a t  t he  
Zn/Ti r a t i o  o i  1.90 i s  v a l i d .  
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Figure  13. Powder compact specimen for o p t i c a l  a n a l y s i s  . 
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Figure  1 4 .  Reflectance vs. stoichiornetdry for Zn Ti0 powders calcined a t  SOO'C. 2 4 
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Figure 1 5 .  R e f l e c t a n c e  vs. sto~chiometry for Zn T i 0  pcwders ca lc iqed  at l ( ~ 5 3 ~ ~ .  
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L i s t e d  i n  Table 4 a re  selected re f lec tance  values f o r  t h e  present mate- 
r i a l s  along w i t h  those from a prevlous study. The R ,35 values which i n d i c a t e  
t he  "knee" p o s i t i o n  decreases w i t h  inc reas ing  b/Ti r a t i o s .  O f  p a r t i c u l a r  
s ign i f i cance  i s  the  f a c t  t h a t  t he  R 45 values f o r  t he  present mater ia ls  a re  
h igher  than those fo r  the prev ious ly  made powders, i .e . >90% vs . <go%. This 
may be due t o  the  fac t  t h a t  the  present samples are q u i t e  t h i c k  and would no t  
be subject  t o  subst ra te  show-through. The important cons iderat ion i s  t h a t  t ire 
potent ia:  as achievable i s  q u i t e  low and i s  probably l ess  than 0.10 f o r  the  
pigment alone. 
Acid Leach Studies 
- *U_ - -  
A ser ies  o f  mate r ia ls  prepared k i t h  vary ing s to ich iomet r ies  on a previous 
cont ract  were subjected t o  an a c e t i c  ac i d  leach i n  an e f f o r t  t o  remove any 
f r e e  ZnO. This processing cons is ts  o f  d iges t ion ,  w i t h  s t i r r i n g ,  i n  a  50% ace- 
t i c  ac i d  so lu t i on  a t  80°C f o r  1 h r .  Af ter  f i l t e r i n g  and dry ing,  t he  resu l t an t  
powder was cci lcined a t  900'C f o r  2 h r  t o  remove any res idua l  acetate species. 
As shown i n  Table 5 ,  both g rav imet r i c  and o p t i c a l  analyses show t h a t  such 
removal was accoinpl isned. I n t e r e s t i n y l y ,  g rdv imet r i c  analyses shoded a 2.3% 
weight 1  oss f o r  sample No. 1.90(6-9) and a 3 .f,X weight lor,(- i' \: ,; -,ciple No. . . 
1.95(6-9), hoth of which revealed no ZnO excess i n  t he  o p t i c a l  spect r?  before 
ac id  1  eachi ng . 
h e  ref lectance curves f o r  a1 1 of the ac id  leached samples were essen- 
t i a l l y  i d e n t i c a l  as ind ica ted  by the  R ,35 and R .q5 values i n  Table 5. b e  
h igher  R 45 values fo r  the  ac id  leached samples vs. the non-acid leached can 
be a t t r i b u t e d  t o  thickness i .e.. powder compact vs. water sprayed, as d i s -  
cussed e a r l i e r  i n  Section 3.4.2. 
I f  the  assumption i s  co r rec t  t h a t  In0 i s  the  on ly  species ~ o l u b l e  i n  ace- 
t i c  ac i d  then i t  i s  c l ea r  t h a t  f ree,  unreacted z inc oxide e x i s t s  even i n  a  
1.90 & / T i  mater fa l  which should be r i c h  i n  Ti . An imp1 i c a t i o n  f o r  p r a c t i c a l  
use i s  t h a t  mate r ia ls  of s to ich iomet r ies  up t o  2.05 Zn/Ti appear t o  oe con- 
ver ted t o  a  1.90 r a t i o  mater ia l  through ac id  leachiny.  Thus, t h i s  type o f  
chemical ex t rac t i on  cauld be an add i t iona l  processing step i n  ob ta in ing  t he  
i d e n t i c a l ,  h igh re f lec tance  mater ia l ,  if s l i g h t  s to ich iometry  e r r o r s  were i n -  
troduced ea r l  i e r  i n  the  Zn *Ti O4 product ion. 
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TABLE 4. REFLECTANCE AT .35 AND .45 MICROMETERS 
FOR STOICHIOMETRY SAMPLES 
& / T i  MOX- ( 5 - 9 1  
Ratf  o 
--- 
.35 
- 
-45 
' ~ a r l  i e r  s t u d i e s  .3 
MOX- (5-10 - 5 1  MOX- (5-9)* 
- 
R.35 R.45 
-- - - .-  
*35 
-- 
.45 
- 
75.5 96 .O 
72.5 95 .O 69 .O 79.5 
57.5 94.5 71  .5 88 .O 
TABLE 5. EFFECT OF ACETIC ACID LEACH ON B 2 T i 0 4  POWDERS 
Weight 
Zn / Ti Before Acid Leach A f t e r  Ac id  Leach Loss, 
R a t i  n 
-- 
.35 
--
-45 -35 .45 % 
- --
1 .90 69 .O 79.5 67 .O 93 .O 2.28 
1.95 71.5 88 .O 66.5 93 .O 3.60 
Note: Ref lectance values be fo re  a c i d  l each  made on water  
spray samples, and a f t e r  a c i d  leach on compact samples. 
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The powder samples o f  vary ing s t o i c h i m e t r i e s  (Table 3) were subjected t o  
a  hot  ace t i c  ac i d  leach t o  remove f r e e  z i nc  oxide. The r e s u l t s  o f  g rav imet r i c  
ana lys is  a re  presented i n  F igure 16 and show t h e  fo l low ing :  
1. Increased mater ia l  ( ZnO) removal w i t h  inc reas ing  
z inc - to - t i tan ium r a t i o .  
2. Less mater ia l  removal f o r  1050°C ca lc ined  powder as 
compared t o  900°C powder, i ndi  ca t  i ng grea te r  coin- 
p l  eteness o f  r e a c t i  on a t  1050°C . 
3. Data f o r  900°C/8 h r  powder s i m i l a r  t o  t h a t  f o r  
l05O0C/2 h r  powder. Greater mater i  a1 removal f o r  
900°C/2 h r  powder shows l ess  completeness of r eac t i on  
a t  t he  shor te r  ( 2  h r )  c a l c i n a t i o n  t ime. 
3.5 EFFECT OF SYNTHESIS TEMPERATURE 
3.5.1 Low Temperature Synthesis : 600"-800°C 
A ser ies  o f  ca l c i na t i ons  were conducted a t  600"-800°C t o  determine i f  
Zn2Ti04 can be f u l l y  formed a t  lower temperatures. i .e. d r i v i n g  t o  completion 
t h e  ZnO + Ti02 reac t i on  by using longer r eac t i on  t imes. lhe use o f  lower tem- 
peratures should r e s u l t  i n  products o f  f i n e r  p a r t i c l e  s i z e  and, thus could 
r r o v i d e  h igher  r e f 1  ectance mater ia ls  . . 
The r e s u l t s  o f  g rav imet r i c  and X-ray analyses f o r  these mater ia ls  a re  
show18 I n  Table 6. The weight percent res idue values decrease very s l i g h t l y  
w i t h  inc reas ing  c a l c i n a t i o n  temperdture, and a l l  a re  q u i t e  c lose t o  t he  theo- 
r e t i c a l  va l  ue . 
X-ray analys is  using powder pa t t e rn  techniques showed t h e  presence of 
Zn2Ti04 and ZnG i n  the  powders ca lc ined a t  600UC. The l i n e  i n t e n s i t y  i n  t he  
X-ray pa t t e rn  ind ica tes  an approximate composit ion o f  60% Zn2Ti04-40% ZnO. No 
TiOE 1 ines were observed. A t  the 700°C and 800°C l eve l s ,  a1 1 samples exhi  b- 
i t e d  r a t t e r n s  f o r  Zn2Ti04 i r i t h  no evidence of f r e e  ZnO. This i nd i ca tes  a 
1 eve1 o f  about 5% or  1  ess of ZnO i n  these powders. 
The re f lec tance  spectra o f  the  var ious powders were examined t o  determine 
t o  extent  o f  t he  ZnO + T i02 reac t ion  as ind ica ted  by R .35. h e  data tabu la ted  
i n  Table 7 and g raph i ca l l y  represented i n  F igure 17 show r e l a t i v e l y  low R.35 
values which increase as a funct ion o f  both temperature and reac t i on  t ime. 
I I T  R E S E A R C H  I N S T I T U T E  
Zn/Ti Rat io  
Figure 1 6 .  Zinc oxide removal on acid leaching o f  Zn Ti0 as a 4 function o f  Zn/Ti r a t i o  and calcination conditions &ring 
synthesis . 
TABLE 6.  SUMMARY OF LOW TEMPERATURE SYNTHESIS OF ZnpTi04 
Calcination- --- 
Sampl e Temp . , f i e ,  Wei h t  & Residue 
Designation OC - hr X C ~ U Z ~ ~ Z ~ E X  -- --- -X-Ray --- !ma&& 
TABLE 7 .  REFLECTANCE OF Zn Ti 0 POWDERS 
SYNMESI ZED AT 600'-%00~% 
(ZnlT i  R a t i o  = 2.011 .O) 
- .  
. 
Calc inat ion 
Conditions 
Temp • , Ti me, RA .35IR .50 
" C h r -- 735-'150l.00 - -- x 100 
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Calcination Time, hours 
Fljure 1'. Reflectdncc .~t 0 . 3 5  micron rs .  c a 1 c i n ~ t l o n  
t lnr for Zn , T l O  powtiers prepared a t  01~1~"-8~0"c' .  
- J 
The h ighes t  R .35 values was shown by t h e  8d0°C/16 h r  ma te r i a l  : however, t h i s  
value was lower than t h a t  f o r  aily comparable 2.0 Zn/l .O Ti powders ca lc ined  a t  
900°C. 
The peak r e f  1 ectance (R ,50) values were no t  s i  gn i  f i c a n t l y  h igher  than 
those f o r  900°C ca lc ined  pigments. Based on these r e s u l t s ,  t he  use o f  a c a l -  
c i n a t i o n  temperature lower than 90U°C t o  synthes ize Zn2Ti04 does no t  appear 
warranted. 
3.5.2 Synthesis a t  900°C -
A ser ies  o f  Zn 2Ti04 powders were prepared by c a l c i n a t i o n  a t  900°C f o r  
t ime per iods from 1 t o  16 h r .  The m a t r i x  f o r  these preparat ions i s  shown i n  
Table 8, along w i t h  t h e  r e s u l t s  of y rav ime t r i c  a n a l y s ~ s .  The data show no 
c l e a r  t r end  o f  i nc reas ing  weight l oss  as a f unc t i on  o f  t.ime, suggest ing t h a t  
t h e  ex ten t  o f  r eac t i on  i s  e s s e n t i a l l y  complete a f t e r  1 h r .  It should be noted 
t h a t  t he  batch s i z e  was on ly  20 g each, and so the  l i n i t e d  amounts o f  reac- 
t a n t s  assured completeness o f  reac t ion .  
Represetitat i  ve ref ;  ectance values f o r  these pc. l e r s  a re  presented i n 
Table 9 and graphica l  representat ion o f  t he  Rm35 values i s  shown i n  F igure 18. 
The R.35. o r  "knee" re f lec tance,  i s  used t o  show the  amount of f ree  ZnO i n  the' . 
powders, i .e . , 1 ower values i n d i c a t e  g rea te r  amounts of ZnO . 
It was a n t i c i p a t e d  t h a t  l esse r  amounts of ZnO would be observed w i t h  
1 ongsr ca l  c i e h t i o n  t imes which would favor  completeness of reac t ion .  However, 
no such t r end  was observed a t  any o f  t h e  s to ich iomet ry  l e v e l s .  A puzz l ing  as- 
pect  i s  t h a t  f o r  t h e  1.95 and 2.00 & /T i  r a t i o  mate r ia l  s, t he  R .35 values sug- 
gest an increase i n  ZnO content w i t h  longer c a l c i n a t i o n  t imes.  These r e s u l t s  
i n d i c a t e  t h a t  t h e  ZnO + Ti02 r e a c t i o n  i s  e s s e n t i a l l y  complete a f t e r  1 h r  a t  a 
90U°C c a l c i n a t i o n  temperature. 
Another r e l a t i o n s h i p  shown i n  t h i s  study i s  Rn35 vs.  Zn/Ti r a t i o .  Tne 
R .35 values were t he  h ighest  a t  a 1.85 Zn/Ti r a t i o ,  w i t h  decreasing values a t  
h igher  ZnlTi r a t i o s .  This t rend  agrees w i t h  prev ious data of s to ich iomet ry  
A f i n a l  observat ion i s  t h a t  t he  peak re f lec tance  values a t  0.5 micron were 
a l l  q u i t e  high, i n d i c a t i n g  a p o t e n t i a l  f o r  low as. The h i gh  re f l ec tance  a l s o  
extends t o  t he  i n f r a r e d  wave1 engths (no te  R1 i n  r ab le  9). Reflectances o f  
greater  than 95% a t  2 microns were observed f o r  several of these samples. 
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TABLE 8. WEIGHT PERCENT RESIOUE VS. CALCINATION TIME AT 900°C 
IN PREPARATION OF Zn2Ti04 FROM PRECURSOR OXALATES 
Weight % Residue 
Zn/Ti A f te r  Given Calc inat ion Time, (h) 
Rat io 1 2 4 8 16 
- - - - - 
Theoretical 
1.85 46.29 46.18 46.40 46.39 46.20 46.65 ' 
TABLE 9. REFLECTANCE OF Zn2Ti04 POWDERS AS A FUNCTION 
OF STOICHIOMETRY AND CALCINATION TIME AT 900°C 
Sample Descript ion 
Zn/Ti Hold Time 
Ratio 
-
at 900°C, hrs. 
1.85 1 
2 
4 
8 
16 
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Figure 18, Reflectance a t  0.35 micron us. calcination t i  for 2" Ti04 2 
powders prepared a t  900'~. 
The synthesis o f  I n 2 T i O q  was an ongoing funct ion on t h i s  prosram. Where- 
as many o f  t he  e a r l i e r  s tud ies invo lved f a i r l y  small batches of up t o  about 
20 g, the pigment needs on other  programs as we l l  as those f o r  t h i s  con t rac t  
i nd i ca ted  t he  need f o r  scale-up. An increase i n  batch s i ze  t o  over 500. g was 
achieved dur ing  t he  course o f  t h i s  program. Zinc o r t h o t i t a n a t e  pigment of 
good un i f o rm i t y  can be reproducib ly  synthesized u t i  1 i zing t he  process out1 ined 
i n  Table 1. 
An add i t i ona l  f i n d i n g  i n  t he  cur ren t  program i s  the  need f o r  c lose moni- 
t o r i n g  o f  precursor oxa la te ma te r i a l s .  Each oxalate batch i s subjected t o  a 
c a l c i n a t i o n  experiment i n  which g rav imet r i c  ana lys is  i s  app l ied  t o  the  oxa- 
1 ate-to-oxide weight 1 oss . I n  t h i s  manner. exact molecular weights are de- 
termined. The "TiOX" molecular weight has been observed t o  vary between about 
142 t o  148. The t heo re t i ca l  molecular weight of Zn(C204' *2H20 i s  189.42. 
However, some z inc  oxalate batches have exh ib i t ed  molecular weights as low as 
about 172. This can be a t t r i b u t e d  t o  d r y i ng  o f  the  f i l t e r e d  p r e c i p i t a t e  a t  
t o o  h igh  (>80°C) a temperature, such t h a t  some o f  t h e  water o f  hydrat ion was 
removed. 
A r e s u l t  o f  t he  scale-up noted p rev ious ly  was t he  need f o r  c a l c i n a t i o n  
t imes o f  4 h r  a t  900°C t o  assure complete reac t i on .  Suci~ longer t imes may 
l ead  t o  p a r t i c l e  growth, so t h a t  the f i n e r  p a r t i c l e  s i ze  promised by the MOX 
process i n  small batch experiments i s  no longer  as apparent. Thus the  copre- 
c i p i t a t i o n  (COP) method appears t o  be a v i ab le  backup o r  a l t e r n a t i v e  process- 
i n g  method f o r  ob ta in ing  z inc o r t h o t i t a n a t e  pigment. 
I I T  R E S E A R C H  I N S T I T U T E  
42 
4 .  BINDER S N D I E S  
The i n i t i a l  choice i n  a binder mater ia l  f o r  t h i s  program was an organic 
s i l i c o n e  elastomer such as RTV 602 o r  R N  615. A f t e r  p re l im inary  experiments 
had been conducted w i t h  these b inders ,  a dec is ion  was made mbhtually between 
MSFC and IITRI personnel t o  have an inorgan ic  s i l icate-bonded coa t ing  as the  
primary candidate f o r  study. The reasons f o r  t h i s  dec is ion  are discussed i n  
t h e  f o l l o w i n g  sect ions.  
. 
4.1 POTASSIW SILICATE BINDER 
During the  course of t he  s tud ies t o  ob ta i n  a h i g h l y  r e f l e c t i v e  and s tab le  
Zn 2Ti04 pigmented thermal con t ro l  coat ing,  an inorganic  s i  l i c a t e  veh ic le  (as 
opposed t o  a polymeric s i  1 icone b inder)  was chosen f o r  prime consideration . 
This choice i s  due t o  several des i rab le  character1 s t i c s  of s i  l i c a t e  coat ings:  
( 1 )  lower so la r  absorptance, as; (2)  h igher  sn i t tance ,  E ;  (3)  g rea te r  s t a b i l -  
i t y  i n  UV-vacuum; ( 4 )  no outgassiny problems; and (5 )  h igher  e l e c t r i c a l  con- 
. 
d u c t i v i t y ,  min imiz ing charge bu i idup problems. 
H i s t o r i c a l l y .  the ob ject ions t o  a s i  l icate-bonded coat ing have been based 
on two disadvantayes: (1) d i f f i c u l t i e s  i n  spray technique t o  achieve a flaw- 
free, we1 1-bonded coat ing;  and (2)  d i f f i c u l t y  i n  c leanab i l  i t y  , However the  
use of 293 ( s i l  icate-bonded ZnO) on l a r y e  areas o f  the Gemini e a r l y  i n  the 
space program, on the rad ia to r s  o f  the Apol lo,  and on the  Skylab a i r l o c k  mod- 
u l e .  a t t e s t s  t o  i t s  a p p l i c a b i l i t y .  The c l e a n a b i l i t y  problem lndy be circum- 
vented through the  use o f  p ro tec t i ve  polymeric f i lms .  studies1' a t  IITRI have 
shown t h a t  storage under p l a s t i c s  such as Mylar,  Lexan, Type A Teflon, and 
Tedlar fo r  per iods up t o  14 months maintains the exce l l en t  s t a b i l i t y  o f  293 t o  
UN-vacuum. 
Binder s tuu ies a t  IITRI have inc luded evaluat ion of PSI potassium s i l i -  
cate (e.g., i n  B 3 ) .  RTV  602 methyl s i l i c o n e  ( S - 1 3 G ) .  and RTV 602 s t r i pped  
(Sl3G/LO) . The most recent Work3 has been concerned w i t h  Owens- 11 1 i no, r 650 
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"Glass Resin." This b inder  would appear t o  be t he  most s t a b l e  polymer t o  
u l t r a v i o l e t  i r r a d i a t i o n  i n  vacuum. 
The at tempts t o  modify Owens-I1 1 i no i  s 650 " G l  ass Resin" were successful 
from t h e  s tandpoin t  of e l i m i n a t i n g  "coas t ing  ." The m o d i f i c a t i o n  process, 
however, apparent ly  increases t h e  outgassing p o t e n t i a l  o f  t h c  modif  l e d  (01- 
6506) r es i n .  se r i ous l y  reducing i t s  p r a c t i c a l  p o t e n t i a l  as a space s tab le  
b inder .  It should be used on ly  i n  app l i ca t i ons  t o l e r a n t  o f  contam:nation. 
The 1 i k e l  ihood o f  developing an a1 t e r n a t i v e  process i s  extremely small . De- 
gassing t he  mod i f ied  r e s i n  i n  t h e  B-stage i n  vacuo holds some promise bu t  
cou ld  be very expensive. Fur ther  compl icat ing an o b j e c t i v e  appra isa l  o f  i t s  
m e r i t s  are t he  f a c t s  t h a t  (1 )  t h e  modif ied r e s i n  must be therma l l y  cured; ( 2 )  
1 i k e  t he  unmodif ied r es i n ,  i t  t o o  has a tendency t o  predispose t h e  pigment t o  
extens ive S-band degradation; and (3 )  t h e  r a t i o  o f  t r i m e t h y l  ch l  o ros i  1 ane/ 
01-650 must be c a r e f u l l y  c o n t r o l l e d  w i t h i n  a very narrow range. 
Based on these shortcomings o f  01-650, i t  appeared des i r ab le  t o  i n v e s t i -  
gate s t r i pped  RTV 602, which has been shown t o  e x h i b i t  acceptable outgassing 
behavior.  h i s  i s  a proven mate r ia l  and would ease t h e  path toward ach iev ing 
an engineer ing mate r ia l  . A second b inder  candidate would be RTV 615 methyl 
s i l i c o n e .  M r .  Wayne Slemp a t  NASA-Langley Research Center has repor ted t h e  
RTV 615 t o  be s i g n i f i c a n t l y  more s tab le  than R T V  602 t o  u l t r a v i o l e t  i r r a d i a -  
t i o n  i n  vacuum. As was t he  case w i t h  R T V  602, mod i f i ca t i on  o f  615 t o  ob ta i n  
low outgassing c h a r a c t e r i s t i c s  should be an achievable goal . The mer i t s  o f  
R T V  615 as a p a i n t  b inder,  however, must be determined. Engineer ing s tud ies  
which would eva luate i t s  p o t e n t i a l  i n  t h i s  regard must be made t o  assure t h a t  
i t  can meet t h e  reasonable and app l i cab le  requi  rernents such as those o f  NASA- 
MSFC Spec. No. 10 M01835 ( f o r  S-13G). 
Exper imentat ion w i t h  RTV 615 revealed c e r t a i n  c h a r a c t e r i s t i c s  o f  t h i s  
b inder  mate r ia l  which can be summarized as fo l lows :  
1. Cata lys is  - R T V  615 does no t  cure w i t h  SRC-05 o r  w i t h  
te t ramethy l  guanidene (used w i t h  RTV 602). A G .E. f u r -  
n ished c a t a l y s t  termed R T V  6158 e f f e c t s  a cure.  
2. Cur ing - an e levated temperature (100°C/16 h r )  has-been 
. . 
found t o  be des i r ab le  f o r  ob ta i n i ng  a t ack - f r ee  f i l m  o r  
p a i n t .  
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3. Solubi l i t y  - the  best s ing le  solvent appears t o  be t o l u -  
ene, Isopropyl alcohol i s  an ass is t ing  solvent but w i l l  
no t  d issolve the  polymer by i t s e l f .  A prev iously  used sol  - 
vent ( th inner )  designated X-99 has been found t o  be an e f -  
f e c t i v e  component. I t s  composl t i  on i s :  toluene 40%, iso-  
propanol 2074, xylene 20%. butane 15%, and buty l  acetate 5%. 
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5. PAINT SNDIES  
Paint  formulat ions cons is t  o f  t h ree  components: Zn2Ti04 pigment PS7 
potassium s i l  i c a t e  binder,  and d i s t i  1  l e d  water. Preparat ion and appl i c a t i o n  
o f  the  b 2 T i 0 4  p a i n t  f o l l o w  simple techniques q u i t e  s i m i l a r  t o  t h a t  f o r  293. 
Preparat ion o f  pa i n t s  cons is ts  o f  m ix ing  o f  t h e  components i n  a  po rce la i n  b a l l  
otiill w i t h  porce la in  b a l l s  f o r  4 h r .  App l i ca t ion  o f  t h e  p a i n t  i s  accompl ished 
by spraying, us ing standard p a i n t  spray guns. h e  coa t ing  i s  appl i ed as a  
continuous, ne t  f i l m .  This i s  permi t ted  t o  dry  u n t i l  t h e  g loss has almost 
disappeared, a t  which t ime t h e  next  coat i s  sprayea on. This i s  repeated un- 
t i l  t he  des i red th ickness i s  achieved. The f i n i shed  coa t inq  i s  cured by a i r  
dry ing,  o r  can be baited a t  lXl°C f o r  complete water removal. 
An important cons idera t ion  i n  good bonding i s  p repara t ion  o f  the sub- 
s t r a t e  t o  be coated. A chemical/mechanical process I s  l ~ s e d  i n  which the  sur-  
face i s  t r ea ted  by techniques such as chemical e tch ing  o r  mechanical abrasion 
t o  ob ta in  g rea te r  surface area f o r  impr-bved bonding. The sur face i s  then 
cleaned w i t h  an a l k a l i n e  detergent and r insed  w i t h  d i s t i l l e d  water.  The com- 
p l e t e  surface must be ua te r  break- f ree a f t e r  t he  abras ion lc lean ing  process. 
By observing the  above p rac t i ces ,  excel l e n t  adhesion i s  achieved on metal sur -  
faces. 
Dur ing t he  course o f  t h i s  program, var ious means o f  op t im i z i ng  t h e  p a i n t  
system were inves t iga ted .  These s tud ies inc luded t he  e f f e c t  o f  changes i n  
pigment- to-binder r a t i o  (PSI?), i n  p a i n t  water content ,  and i n  cu r i ng  condi-  
t i o n s .  These a re  discussed i n  the f o l l o w i n g  sec t ions .  
5 1  PIaENT-TO-BINDER RATIO (PBR) 
The PBR f o r  293 was f i x e d  a t  4.30 i n  earl," s tud ies  a t  IITRI.~ It was de- 
termined t h a t  h igher  r a t i o s  fqr 293 r esu l t ed  i n  coat ings which were somewhat 
s o f t ,  thus suggesting 4.30 as a  maximum f o r  good ~ h y s i c a l  p rope r t i es .  Maximi- 
za t ion  o f  PBR was shown t o  be des i r ab le  f o r  ob ta i n i ng  minimum as and maximum 
s tab i  1  i t y  t o  a  UV-vacuum environment . 
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Studies w i t h  ZnpTi04 on t h i s  program explored h igher  P6Rs up t o  10 -6. 
Early experiments considered r a t i ~ s  of 4.26, 4.73, and 5.32. As shown i n  
Figure 19, an increase i n  rc f lec tance w i t h  increasing PBR i s  observed, par- 
t i c u l a r l y  a t  wavelengths of .35 and 2.0 microns. 
Addi t io r la l  PBH experiments consisted of increasing the  pigment 1 oadi ngs 
t o  7.09. 8.51 and 10.64. Sprayab i l j t y  o f  these pigment-rich formulat ions was 
q u i t e  yaad. Examination o f  the  8.51 and 10.64 PBR cured coat ings showed them 
t o  be somewhat s o f t e r  than the 7.09 PBR samples. However, the  i n t e g r i t y  o f  
these coatings appeared t o  be adequate; good bonding t o  the aluminum substrate 
was achieved. 
For the balance o f  the  program, a PBR of 7.1 was used as a good t rade-o f f  
between o p t l i a l  and physical  p roper t ie r .  It i s  possib le t h a t  the higher p ig -  
ment loadings may be used i f  the coatings are afforded adequate p ro tec t ion  
p r i o r  t o  1 aunch . 
5.2 WATER CONTENT STUDIES 
I n i t i a l  composi t iclns of In2Ti04-si  1 i c a t e  coatings were modeled a f t e r  293 
i n  t o t a l  l i a u i d  content (Table 10). I n  preparing samples by the spray tech- 
nique, 293 samples were a l so  prepared for  comparison. Two di f ferences were 
observed between 21 2Ti04 paints  and 293: (1) Zn 2Ti04 cornposi t i ons  appeared t o  
go on much "wettor" than d i d  293; and (2)  f c r  the  same number o f  spray cycles, 
more rap id  thickness bui ldup was achieved w i th  293. 
The f i r s t  d i f fe rence was probdbly due t o  an excess o f  water content i n  
the  Zn 2 T i  O4 mixtures . The Zn 2Ti04 powder i s  coarser than calc ined SP-500 ZnO 
and requi res less water t o  achieve a sprayable v i scos i t y .  The second d i f f e r -  
ence may a1 so be traceable t o  the excess water i n  the ZQ 2Ti04 mixtures . The 
"wet" appearance which signal; the end of a spray cyc le  was achieved more rap- 
i d l y  w i t h  Zn2Ti04 r e s u l t i n g  i n  a lesser amount of coat ing per spray cyc le.  
Thus, a decrease i n  water content and modi f icat ion o f  spray technique were i n -  
dicated as requirements t o  achieve coat ing thickness bui ldup w i t h  Zn2Ti04- 
s i l i c a t e  pa in ts .  
Addit ional studies involved compositions of lower 1 i q u i d  content as 
1 i s t e d  i n  Table 11. Improved sprayabi l  i t y  was shown by these cmpos i t ians ,  
and ar, even lower water content appeared feas ib le .  Therefor?, greater 
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Pigment-to-binder r a t i o  (by weight) 
Flgure  1 9 .  R e f l e c t a n c e  of Z n 2 T i 0 4 - s i l l c a t e  p a i n t s  a s  a f u n c t i o n  
of pigment-  t o - b i n d e r  r a t i o .  
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TABLE 10. PAINT COMPOSITIONS FOR SPRAYING STUOIES 
Co~lposi t i  on f o r  G i  ven 
nt-to-Bi nder Rat io (P* 
Component b.08 7. 
- - - 
PS7 (potassium s i  1 i cate) 16 cc 7 cc 6 cc 
Uater contenta 95 cc 95 cc 96 cc 
'~ased on 100 g pigment. 
TABLE 11. PAINT COMPOSITIONS: DRY SPRAY MIXTURE 
Composi t i  on fo r  G i  ven 
Pigment t o  Binder Rat io (PBR) 
Component . 5.32 7.09 
-- 
ZnZTi O4 20 !I 20 g 20 !I 
PS7 (potassi urn s i  1 i cate) 10 cc 8 cc 6 cc 
Water contenta 78 cc 75 cc 76 cc 
aOased on 100 g pigment. 
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reduction i n  water content t o  56 cc H20 was invest igated. Compositions which 
were examined are l i s t e d  i n  Table 12. I n  the spraying o f  these paints ,  compo- 
s i t i o n s  "A" and "8" showed good spraying cha rac te r i s t i cs  whi le  "C" went on 
very dry. The glossy appearance, which s ignals the  end o f  a spray cyc le w i t h  
s i l i c a t e  paints,  could only be achieved f o r  "C" by a combination o f  opening 
the spray nozzle along w i th  shortening the gun-to-substrate distance by about 
50%. 
Subsequent examination of cured coatings showed Series "A" and "B" t o  be 
uniform and smooth i n  appearance. I n  contrast ,  some of the "C" samples exhib- 
i ted a very rough appearance which often resul t s  ,in "dry" sorayi ng . Wei ght 
and thickness measurements showed tha t  a heavier coat ing Has achieved w i th  
f?wer spray cycles fo r  "C ." A p l o t  of coat ing thickness vs . weight (Figure 
20) for various paints  showed tha t  "C" samples w i th  the most uneven surface 
tex ture  tended t o  be th i cke r  f o r  the same weight as compared t o  the other sam- 
p l  es . 
From these resu l ts ,  i t  would appear tha t  a water content o f  about G6 cc 
per 100 g pigment i s  ideal  f o r  good sp rayab i l i t y  along w i th  achieving a good 
coating. This i s  i n  contrast  w i th  293 (si l icate-bonded ZnO) f o r  which 96 cc - 
of t o t a l  water i s  required fo r  100 g pigment, and can be a t t r i b u t e d  t o  the 
coarser p a r t i c l e  s ize  of Zn2Ti04 which requires lesser  amounts o f  l i q u i d  f o r  
good wet t ing . 
It should be noted, however, t ha t  the 66 cc H20 per 100 g Zn2Ti04 appl ies 
for t h i s  p a r t i c u l a r  batch o f  pigment. S l igh t  var ia t ions  from t h i s  r a t i o  may 
be desirable, according t o  the pigment batch and, important ly,  according t o  
sprayer preference i n  v i scos i t y  . 
5.3 OPTICAL STUDIES 
The opt ica l  proper t ies o f  samples w i th  PBR varying from 7.09 t o  10.64, 
along w i th  var ia t ions  i n  water content, were determined. These data are sum- 
marized i n  Table 13, and Figure 21 shows a p l o t  o f  as as a funct ion o f  coat ing 
thickness. These data show the fo l lowing:  
1. Maximum ref lectance or minimum so lar  absorptance i s  
achieved a t  a coat ing thickness o f  about 8 m i  1 s. 
This plateau i s  reached a t  about 5 m i l s  f o r  293. 
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TABLE 12. PA1 NT COMPOSITIONS~ 
FOR WATER CONTENT STUOIES 
Composi ti on 
Component - A B C 
- - 
Zn 2Ti Oq 20 g 20 g 20 g 
Water contentb 76 cc 66 cc 56 cc 
a~~~ = 7.09, Zn/Ti r a t i o  = 1.95. 
b ~ a ~ e d  on 100 g pigment. 
TABLE 13. SOLAR ABSORPTANCE FOR Zn2Ti 04-SILICATE COATINGS~ 
Solar 
Absorptance, 
a s 
.I78 
.lo8 
.I25 
Water 
Content ,a 
CC 
75.9 
75.9 
75.9 
Sampl e 
No . 
LH-1-78 
LH-4-78 
LH-8-78 
Zn/Ti 
Rat io  
-
1.95 
1.95 
1.95 
Thickness 
m i  1 s 
3.1 
6.8 
5.7 
PBR 
- 
7.09 
7.09 
7.09 
a ~ a s e d  on 100 g pigment. 
I I T  R E S E A R C H  I N S T I T U T E  
5 1 


2. Samples w i t h  t h e  lowest water content (56 cc H20/100g 
Zn *Ti04) exh ib i t ed  h igher  a than t h e  other  samples . 
Poor spray ing c h a r a c t e r i r t ~ ~ s  had been shown f o r  
these samples, r e s u l t i n g  i n  rough, nonuniform sur-  
faces. 
3. S l i g h t l y  lower as i s  i nd i ca ted  fo r  samples w i t h  a  PBR 
o f  10.64 as compared t o  7.09. 
4. The lowest a observed was 0.106 f o r  sample LH-16- 
78. ~xamina8ion of the  re f lec tance  curve shows R ,35 
t o  be about 64%; e l i m i n a t i o n  o f  the  f ree ZnO such 
t h a t  t h i s  value increases t o  about >80% would proba- 
b l y  r e s u l t  i n  a  as o f  lower than 0.10. 
The t o t a l  hemispherical emi t tance  of z inc  o r t h o t i  tana te -s i  1  i c a t e  coat ings 
has been determined t o  a  tef iperature o f  -200°F i n  s tud ies  a t  Aero je t  E lec t ro -  
systems Co. As shown i n  F igure 22, t he  emittance decreases from a value of 
0.91 a t  room temperature t o  a  value o f  0.84 a t  -220°F. This maintenance o f  E T  
a t  a  f a i r l y  h igh l eve l  would make t he  use of Zn2Ti04 coat ings a t t r a c t i v e  f o r  
cryogenic appl i ca t i ons  . 
Some p r e l  i ~ n i  nary work was conducted on dual thermal con t ro l  coat inys , 
i .e ., YB-71 coat ing on top  o f  293, i n  an attempt t o  e x p l o i t  t he  super ior  opa- 
c i t y  o f  293. The r e s u l t s  a re  shown i n  Table 14. The lowest so la r  absorptance . 
value o f  0.118 was shown by sample No. 6 which had a 5 m i l  293 coat covered 
w i t h  a  5.5 m i l  YB-71 t o p  coat.  The data show t h a t  t h i c k e r  coat ings of up t o  
about 20 m i l s  d i d  not  y i e l d  any h igher  re f lec tance .  An impor tant  note i s  
t h a t ,  even a t  the  h igh thicknesses, no crack ing o r  phys ica l  d e t e r i o r a t i o n  was 
observed. 
5.4 CURIWG STUDIES 
Previous studies1 have shown t h a t  293 ( Zn0-si 1  i c a t e )  i s  essen t ia l  l y  com- 
p l e t e l y  cureo a f t e r  24 h r  . However, attempts t o  r epa i r  Zn2Ti04 coat ings t h a t  
had bee!) cured f o r  a  per iod  of 24 h r  under ambient labora to ry  cond i t ions  re -  
su l t ed  i n  complete loss  o f  adhesion between coa t ing  and subst ra te .  For t h i s  
reaso~l ,  a  study was undertaken t o  determine the  e f fec ts  o f  cure t ime, tempera- 
t u r e ,  and humidi ty on the  adhesion of t h i s  coat ing t o  both m e t a l l i c  and f i b e r -  
glass re in fo rced  epoxy substrates.  
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Temperature, "F 
F i g u r e  22.  T o t a l  h e m i s p h e r i c a l  emissivi t y  vs. t e m p e r a t u r e  
for Zn T i 0  - s i l i c a t e  c o a t i n g .  2 4 
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TABLE 14. YB-71 ON 293: DUAL 
THERMAL CONTROL COATINGS 
Solar  
Sample Thickness, m i l s  Absor tance, 
No - - Tota l  - 1s 
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A ser ies  o f  90 t e s t  specimens of aluminum (48). magnesium (12), and 
f iberglass-epoxy (30) measuring 2 i n .  x 4 i n ,  were used i n  t h i s  study. Speci - 
Inens were abraded w i t h  a No. 60 g r i t  abrasive c l o t h  and then washed w i t h  a 
50/50 m i  x tu re  o f  A1 conox-Comet cleanser u n t i  1 a water break-f  ree surface was 
obtained. h e  specimens were then r i nsed  w i t h  d i s t i l l e d  water and a i r  d r ied .  
Just p r i o r  t o  spray coa t ing  a l l  specimens were wiped w i t h  200 proof a l -  
cohol. A f t e r  coat ing w i t h  YE-71, t h e  specimens were a i r - d r i e d  f o r  4 h r  under 
ambient condi t ions,  separated i n t o  groups of three,  and then subjected t o  t he  
cure condi t l o n s  l i s t e d  i n  Table 15. 
A f t e r  aging i n  ovens o r  a t  room temperature (65"-70°F) under two d i f f e r -  
ent humidi ty condi t ions,  two specimens of each se t  or group were immersed i n  
tap  water (lOO°F) and observed f o r  coat i n y  adhesion o r  loss  o f  adhesion. I f  
a f t e r  5 min immersion i n  water t he  coa t iny  d i d  not  slough o f f ,  the  wet area 
was rubbed v igorous ly  between thumb and f o re f  i nye r  t o  note pigment rub-of f . 
If rub-o f f  d i d  no t  occur, the specimens were re turned t o  the  water bath and 
he ld  f o r  30 min. 
The r e s u l t s  o f  accelerated cu r i ny  a t  e levated (150°and MO°F) tempera- 
tu res  are shown i n  Table 16. Adequate cu r i ny  had no t  occurred, even a f t e r  16 
h r .  Furthermore, the water t e s t  ind ica tes  d e t e r i o r a t i o n  i n  adhesion w i t h  i n -  
creasing t imes a t  both 150" and UO°F. 
Room temperature cure r e s u l t s  (Table 17) show tha t  a minimum o f  7 days i s  
requi red f o r  adequate cure. A 14-day cure would appear t o  assur? yood cu r i ny  
o f  coat ings. A h igh humidi ty envi  ronlnent i s  de le te r ious  t o  cur ing  p roper ly .  
Various s tud ies were conducted t o  determine forlnul a t i o n  and appl i c a t i o n  
parameters which would y i e l d  a z inc o r t ho t i t ana te -s i  1 i c a t e  p a i n t  of optimum 
phys ica l  and o p t i c a l  c h a r a c t e r i s t i c s  . The optimum p a i n t  t o  emerge from these 
s tud ies has been designated YB-71, and the parameters f o r  o b t a i ~ i n y  t h i s  mate- 
r i a l  are as fo l lows:  
1.  Pigment synthesized w i t h  a z i n c - t o - t i  tanium r d t i o  o f  
1.90 t o  1 .OO i s  t o  be used. 
2. P i  yment-to-binder (PS7 potdssiu~n s i l  i c d t e )  r a t i o  o f  
7.1 appears optimum f o r  yood op t i ca l  and p h y i i c a l  
p roper t ies .  
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TABLE 15. TEST MATRIX FOR A STUDY OF EFFECT 
OF CURE CONDITIONS ON ADHESION 
OF Zn2T1 04-SILICATE COATINGS 
T i  me 
Per i  od 
4 h r  
8 h r  
16 hr  
1 day 
3 days 
7 days 
14 days 
28 days 
Number and Type o f  Samples 
Room Temperature 
50% R H ~  90% RHQ 150°F 
-
2OO0F 
-- 
Note: A = aluminum, F = f iberg lass,  M = magnesium 
substrates. Three (3) rep1 ica t ions  o f  each. 
'RI~ = r e l a t i v e  humidity, f l O X  
TABLE 16. OVEN CURING OF COATED ALUMINUM SAMPLES 
Time i n  
Oven Observations 
h r  15a"k Curl ng Temperature 20 U " F - C u r l n g p e r a t u r e  
4 Complete 1 oss o f  adhesion Complete 1 oss o f  adhesion 
w i th in  4 min. w i th in  4 min. 
8 Complete 1 oss o f  adhesi on Complete 1 oss of adhesion 
w i th in  2 min. w i th in  2 min. 
16 Loss o f  adhesion a f te r  1 min. Sl  i g h t  adhesion exhib i ted 
for  2 min. 
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Days Sub- 
Aged s t ra tea  
1 A 
TABLE 17. CURING AT ROOM TEMPERATURE UNDER 
DIFFERENT HUMtDITY CONDITIONS 
Observations 
RH 90% RH 
3 m l  n, complete 1 oss of 1 m i  n, complete 1 oss o f  adhe- 
adhesion s i  on 
1 min, adhesion 1 ost 15 sec - adhesion l o s t  
5 min, son12 pigment rub-of f  2 min, adheslon l o s t  
27 mln, no fu r the r  rub-off 
5 m i  n, no rub-off  30 sec, adhesion l o s t  
20 min, some rub-off a t  
edges 
5 min, s l i g h t  t u r b i d i t y  1.5 min, adhesion l o s t  
i n  H20, s l i g h t  rub-off 
10 min, no fu r the r  rub-off 
5 mln, no rub-off  
10 min, no rub-of f  
30 sec, adhesion l o s t  
5 m i  n, no rub-off 
30 min, no rub-off 
30 min, no rub-of f  
30 min, no rub-off 
30 min, r o  rub-of f  
30 min, no rub-of f  
30 min, no rub-off 
15 sec, adhesion l o s t  
1 min, adhesion l o s t  
1 min, adheslon l o s t  
30 sec, adhesion l o s t  
30 min, very s l i g h t  rub-off 
30 min, no rub-of f  on one sam- 
ple; however, on dry lng and 
subsequent coat ing shrinkage, 
coat ing del ami nated from sub- 
s t rate;  other sample, 1 arge 
sect ion came o f f  i n  one piece 
during rub test .  
a~ = aluminum, F = f iberg lass,  M = magnesium. 
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3. The water content i n  t he  p a i n t  fo rmu la t ion  i s  apprcr-  
imate ly  66 cc H20 per 100 g pigment. The exact 
amount i s  t h a t  which y i e l d s  a [nix o f  optimum sprdy 
v i s c o s i t y  
4. Cur ing should be conducted under ambient labora to ry  
cond i t ions  f o r  a t  l e a s t  one week--preferably two 
weeks, f o r  optimum adhesi on. 
5. A th ickness o f  about 8 t o  10 m i l s  y i e l d s  h ighest  r e -  
f l ec tance  and lowest so la r  absorptance. An as va lue 
of 0.10 i s  achievable . 
I l l  R E S E A R C H  I N S T I T U T E  
60 
UV-vacuum stud ies which were completed success fu l l y  on t n i s  program i n -  
c lude two 1000 ESH (equiva lent  sun hours) t e s t s  and a  WOO ESH exposure. One 
of the  1000 ESH exposures was conducted a t  I I T R I ;  :he o ther  1000 ESH and t h e  
5000 ESH exposures were performed a t  the  Marshal l  Space F l i g h t  Center (MSFC). 
6.1 TEST FACILITIES - IIlRI 
Tne IRIF ,  an acronym f o r  " I n -S i t u  ~ e f l e c t a n c e / ~ r r , d i a '  ,on F a c i l i t y "  i s  a  
mu? t ip le-sample u l  t r av i o l e t - r ; imu la t i on  f a c i  1  i t y  possescsit,d i r ,  s i t u  hemispheri- 
c a l  spec t ra l  -reflectance-measurement capabi 1  i t i e s .  Ttre basic measurement i s  
t h a t  o f  d i f f u s e  spec t ra l  r e f l ec tance  i n  t h e  ZiG-.co 26G2 microns wavelength 
range. The f a c i l i t y  incorporates an i n t e g r a t i n g  sphere, patte,'ned a f t - r  olre 
described by Edwards e t  a1 .,I4 and modif ied f o r  use w i t h  t h e  Beckman DK spec- 
t ro re f lec tomete rs .  The i n t e g r a t i n g  spheres normal ly  ogerate i n  vacuur. A 
sample t r a n s f e r  mechanism, dur ing i r r a d i - t i o n ,  maintains each sample i n  con- 
t a c t  w i t h  a  temperature-cont ro l led sample t ab le .  The t r a n s f e r  under h igh  
vacuum of any sample t o  t he  i n t e g r a t i n g  sphere f o r  rneasljrement and i t s  subse- 
quent r e t u r n  t o  t he  sample t a b l e  f o r  cont inued i r r a d i a t i o n  a re  r o u t i n e  opera- 
t i o n s .  Pumping ;s condlicted w i t h  a  400 1  i t e r l s e c  i o n  pump, and rough pumping 
i s  done w i t h  c r j 3 s o r p t i  on pumps. 
Standard operat ing procedure requi  res  t ha t ,  a f t e r  pump-down , the  sampl e 
be heated w i t h  warm water t o  remove gross v o l a t i l e s  ( i f  any j  . Immediately 
p r i o r  t o  and dur ing  i r r a d i a t i o n  c o l d  water i s  suppl i e d  t o  t he  sample cod l i ng  
t ab le .  Whi l e  s t i  1  i under h igh  vacuum, d i f f use  spec t ra l  re f lec tance  measure- 
ments a r e  then taken o f  each o t  t he  t e s t  simples i n  t h e  speccral  range o f  325- 
2600 microns. Such measurements a re  repeated a f t e r  each prescl  ibed t e s t  i n -  
t e r v a l .  UV i r r a d i a t i o n  ra tes  d re  6 suns a t  t h e  sample l o c a t i o n  i n  I R I F  t e s t s ,  
using an A-ti6 source I t s  h igh  r a t i o  o f  u l t r a v i o l e t  t o  t o t a l  ( r a d i a n t )  ,+?ergy 
permi ts  accelerated u l t r a v i o l e t  t e s t i n g  a t  several equ iva len t  so i a r  f ac to r s  
(based on t o t a l  u l t r a v i o l e t  on ly )  w i thou t  subs tan t i  a1 sampl, heat ing.  
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6.2 TEST FACILITIES - MSFC 
The space s imulat ion chamber a t  MSFC has as a so la r  source, a Hanovia 
5000 watt  Hg-Xe ldmp which i s  u n f i l t e r e d  and unfocused. Accelerat ion f a c t o r  
i s  3.5 suns. I n  s i t u  re f lec tance  measurement c a p a b i l i t y  makes use o f  a com?u- 
t e r - con t ro l  l e d  DK-2 spectrophotometer . Samples a re  mainta i  ;led a t  an ambient 
water temperature of 15'-20°C under a vacuum of 2 x t o  2 x t o r r .  
6.3 UV-VACUW STUOIES 
6.3.1 Test 1000 ESH (A) 
The i n i t i a l  UV-vacuum s t a b i l i t y  t e s t  was conducted on a se r i es  of z inc  
o r t h o t i  tanate-s i  1 i c a t e  pa in t s  w i t h  t he  f o l l  owing var iab les :  
1. S t o i c h i m e t r y  - z inc  t o  t i t a n i u m  r a t i o s  o f  1.85, 
1.90 1.95 2.00. and 2.05. 
2. Synthesis temperature - 900" and 1050°C. 
3. Acid leached pigments - washed i n  ace t i c  ac i d  t o  
remove f r e e  ZnO, and r e f i r e d  a t  JOOO o r  1050°C t o  
v o l a t i  1 i ze any res idual  contaminants. 
4. Pigment-to-binder r a t i o  o f  4.30. 
Tabular r e s u l t s  f o r  900°C pigment pa in t s  tes ted  a t  I I TR I  and fo r  1050°C 
piqinent pa in t s  tested a t  MSFC are shown i n  Tables 18 and 19. 
Perhaps tne  most s i g n i f i c a n t  observat ion i s  the good s t a b i l i t y  ( ~ a ~ ~ ~ ~  
ESH o f  about 0.01j shown by most of these si;icate-bonded pa in ts .  Addi t ion-  
a l l y ,  comparison of t he  Aa2tj0 ESH and AalOOO E~~ data suggests t h a t  the  bu lk  
of the damage occurs a t  the  shor ter  terms (250 ESH), and subsequent changes i n  
re f lec tance  appear t o  be minimal . Differences due t o  va r i a t i ons  i n  stoichiom- 
e t r y  o r  ac id  leaching a re  not  obvious. 
Examination o f  i n i t i a l  ( un i r r ad ia ted )  d p t i c a l  data shows t n a t  the  r e f l e c -  
tance o f  t he  pa in t  i s  considerably lower than t h a t  o f  ti pigment. A compari- 
son o f  re f lec tance  values a t  .50 m i  - ns (Tables 18 ;rnd 19) show d i f fe rences  
of about 6 t o  12%. w i t h  the  pain; 4 1 ~ 3 y s  being less  r e f l e c t i v e  than the  cor -  
cespondir,g pigment. It i s  poss ib le  t h a t  h iyher  r e f l ec tance  approaching t h a t  
o f  the  pigment alone may be reached by: (1)  increased thickneqs; (2 )  higher 
pigment-to-binder r a t i v ;  and (3)  use o f  a spray technique t o  maximize pigment 
concentrat ion a t  the  pa in t  surface 
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TABLE 18. StiWRY OF 1000 ESH TESTS ON PAINTS 
INCORPORATING P IGNENTS CALCINED AT 900°C 
R. 50 Solar 4bsorptance, as 
Sample Pigment Paint I n i t i a l  176 ESH 1000 tSH' "1000 ESH 
5-9 Samples 
5-9-A-9 Samples -
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TABLE 19. SUmAhY OF 1000 ESH TESTS ON PAINTS 
I NCORPORATI MG P I  GIIENTS CALCINED AT l05O0C 
Sampl e 
' Reso Solar A b s ~ t a n c e ,  as 
Pr !3z!L I n i t i a l  17 3H 1000 tm 
5-10.5 Samples 
96.0 86.5 -205 .211 .215 
95.5 86.0 -198 .204 .209 
95.0 88.5 .I91 .?a3 . 208 
94.5 89.0 .I82 .I88 -193 
93.5 88.0 .200 -207 -210 
5-10.5-A-10.5 Samples 
- - 90.5 -168 .I87 . 1% 
-- 88.5 .I85 -204 -211 
- - 88.0 -186 .I96 -206 
-- 89.0 -166 -172 .I80 
- - 87.0 .201 -207 .211 
A a l ~ ~ ~  ESH 
I l l  R E S E A R C H  I N S T l T U l E  
64 
The r e s u l t s  o f  UV-vacuum t e s t i n g  are summarl zed i n  Figure 23 f o r  the 
900°C pigment paints .  No d e f i n i t e  t rend i n  s t a b i l i t y  as a funct ion of s t o i -  
chiometry, appears t o  e x i s t  f o r  e i t h e r  the ac id  leached or  untreated pigment 
coatings . For paints  pigmented w i th  !.0503C as-cal c i  ned powders (Figure 24) 
s t a b i l i t y  was s i m i l a r  f o r  the  various Zn/Ti r a t i o  materi,ls. The ac id  leached 
mater ia ls  appeared less stable, especia l ly  f o r  the lower &/Ti  r a t i o  paints .  
This may be explained i n  t h i s  manner: the lower Zn/Ti r a t i o  has a higher pro- 
por t ion  o f  a t i tan ium component. Thus, ac id  ieaching t o  remove free ZnO could 
y i e l d  a greater  amount o f  f ree unreacted Ti02, wh ic i~  can de le ter ious ly  affect 
s tabi  1 i t y  . 
Reflectance changes a t  p a r t i c u l a r  wavelengths f o r  both the IITRI and MSFC 
exposure f o r  1050°C pigment pa in ts  are shown i n  Table 20. A summary o f  these 
data app?ars i n  graphic form i n  Figure 25. These data points  are obtained by 
adding the  values o f  ref lectance changes l i s t e d  i n  Table 20. 
Examination of the data i n  Figure 25 shows th2  fo l lowing:  
1. No p a r t i c u l a r  t reqd i n  s t a b i l i t y  vs. stoichiometry i s  
observed for  the  non-acid t rea ted  pigment paints .  
2. A t rend toward improved s t a b i l i t y  w i th  increasing 
& / T i  r a t i c  i s  alparent f o r  the  acid-leached pigment 
paints  . 
3. A t  & / T i  r a t i o s  of 1.85-1 -95, the pa in ts  pigineitcd 
w i th  non-acid leached pigments appear more s tab le  
than those incorporat ing leached pigments; a t  r a t i o s  
o f  2.00 -.qd 2.05, t h i s  d i f fe rence i s  not read i l y  
evident.  
4. The IITRI data ind ica te  somewhat be t te r  s t :  . t y  f o r  
the various paints  as compared t o  the MSFC I ~ l l t s .  
Test 1000 E S H m  
The resu l t s  of a 1000 ESH t e s t  f o r  v a r i o ~ ~ s  si l icate-bonded Zn2Ti04 coat- 
ings are shown i n  Table 21. These data were generated i n  a t e s t  a t  MSFC. The 
fo l low ing sample variables were examined i n  t h i s  t e s t :  
1. Pigment-to-binder r a t i o s  of 4.26, 5.32, and 7.09. 
2. Pigment ca lc ina t ion  temperatures o f  900" and 1050°C. 
3 .  Zn/Ti r a t i o s  f o r  the pigment o f  1.95 and 2.00. 
As the data show, a1 1 samples exhib i ted excel lent  s t a b i l i t y .  Changes i n  a 
were a i l  less than 0.01. I n  view of thc very 1 im i ted  AaS values, behavioral 
trends as a funct ion of the  above-1 i s t e d  var iables were not evident.  
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Figure 2 3 .  S o l a r  absorp tance  changes (1C00 ESH) f o r  Zn2Ti0 - s i l i c a t e  p a i n t s  
(900'~ c a l c i n e d  p igments )  . 4 
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Figure 2 4 .  So la l  absorp tance  changes (1000 ESH) for Zn T i 0  - s i l i c a t e  p a i n t s  
( 1 0 5 0 ~ ~  c a l c i n e d  p igments )  . 2  4  
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TABLE 20. REFLECTANCE CHANGES FOR SILICATE PAINTS 
PIGMENTED YlTH 1050°C Zn2Ti O4 POWDERS (1000 ESH) 
Sample 
Change i n  Ref 1 ectance at  Given Wave1 ength (microns) 
. . . . . .929 1-30 1.71 2.50 
------ -- 
5-10.5 Samples 
5-10.5-A-10 Samples 
Note: ( I )  = I ITRI ,  (M) - MSFC. 
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Zn/Ti Ra t io  
20.0 
Figure  25 .  A d d i t i v e  r e f l e c t a n c e  chans-es v s .  Z n / T i  r a t i o  (1000 ESH) 
for Zn Ti0 - s i l i c a t e  p a i n t s  ( 1 0 5 0 ~ ~  c a l c i n e d  pigments) . 2 4 
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TABLE 21. STABILITY OF Zn2Ti 04-SILICATE PAINTS 
Sample 
No. 
M2 
M6 
H I 0  
Zn/Ti 
Ra t io  
-
1.95 
Ca lc ina t ion  
Temp., 
O C  
900 
PBR 
- 
4.26 
5.32 
7.09 
AalOOO ESH 
- 
-006 
.006 
.004 
I I T  R E S E A R C H  I N S T I T U T E  
70  
These samples were genera l l y  more s t a b l e  than those t es ted  i n  the  f i r s t  
1000 ESH t e s t  (see preceding sec t ion)  . Higher pigment 1 oadings were used i n  
t h i s  t e s t  as compared t o  1000 ESH ( A )  which could account f o r  t he  improved 
s t a b i l i t y .  However f ou r  samples having a PBR o f  4.3 were a l so  inc luded i n  
1000 ESH (B) ,  and these were more s tab le  than t h e i r  1000 ESH ( A )  counterparts.  
It i s  poss ib le  t h a t  improved q u a l i t y  con t ro l  i n  t he  pigment processing may 
have e l  i m i  nated some degradable contaminants i n  t he  Zn 2Ti04 powder. 
6.3.3 Test 5000 ESH -
A long-term UV-vacuum exposure o f  5000 ESH was conducted on a number o f  
z inc o r t h o t i  tanate coat ings, described i n  Table -22. Some general observat ions 
may be made regarding water content i n  t he  p a i n t  formulat ions.  F iner  p a r t i c l e  
s i ze  pigments requ i re  h igher  water contents fo r  proper f l u i d i t y  i n  spraying, 
due t o  t h e i r  h igher  surface area. As shown, "WC" va r ied  from 46 t o  91, re -  
f l e c t i n g  d i f fe rences  i n  p a r t i c l e  s ize.  A second e f f e c t  i s  t h a t  the  lower WC 
compositions exh ib i t ed  a more r a p i d  thickness bui  ldup dur ing  spraying. This 
behavior i s  r e f l e c t e d  i n  the t h i c k e r  coat ings f o r  190(A) and 25. These d i f -  
f e ren t  compositions represent a good cross-sect ion of Zn2Ti04 development a t  
I I T R I .  
The r e s u l t s  o f  the  5000 ESH t e s t  are presented i n  Table 23 as chanyes i n  
so la r  absorptance and emittance as a func t ion  o f  exposure. Reflectance spec- 
t r a  changes a re  shown i n  Figures 26 through 34. The data show t h a t  the  z inc  
or thot i tanate-potass ium s i l  i e a t e  pa in t s  (ZOT/PS7' were a1 1 f a i r l y  s t ab le .  
Samples 3, 7, 14, 21, 29, and 44 exh ib i t ed  changes i n  so la r  absorptance rang- 
i , - g  from 0.011 t o  0.026 which were lower than the  0.028 bas shown by t he  293 
sample (No. 25). 
Somewhat anomalous behavior was shown by S13G/LO (sample 2, F igure 26). 
The increase of about 0.05 i n  as a f t e r  2500 ESH would be the  expected degrada- 
t i o n .  However, the  increase i n  re f lec tance  (and decrease i n  as) a f t e r  5000 
ESH i s  puzz l ing .  Included i n  t h i s  t e s t  was a Zn2Ti04-pigmented RTV 602/ i0 
coa t ing  (sample 19). This sample had a lower i n i t i a l  as as compared t o  S13G/ 
LO, and d isp layed stronger degradation than t he  s i  1 icate-bonded 'samples. 
The emittances fo r  a l l  samples were a l l  f a i r l y  h igh.  As has been the 
case i n  o ther  space s imulat ion t e s t s .  s~ i s  e s s e n t i a l l y  unaffected by UV-  
vacuum. 
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TABLE 23. CHANGES I N  SOLAR ABSORPTANCE AND EMITTANCE FOR 
ZINC ORTHOTITANATE PAINTS AFTER 5 0 0 0  ESH EXPOSURE 
Sarnpl e bas at Given ESH "T 
No Ini ti a1 5 0 0  600 1000 25m 5 0 ~ ~  5 0 0 0  t g  
----- 
Tnitial 
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The space s imulat ion s tud ies conducted on t h i s  program have shown t h a t  
z inc orthot i tanate-potassium s i l i c a t e  coat ings are as s tab le  as 293 i n  an 
u l t rav io le t -vacuum environment. Changes i n  as o f  about 0.2 a f t e r  5000 ESH can 
be expected. The Zn2Ti04 pa in ts  o f f e r  the  advantage o f  a  p o t e n t i a l l y  lower 
i n i t i a l  as o f  about 0.11, which would y i e l d  a  lower terminal  as. 
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7. RECOmENOATIONS FOR FUTURE UORK 
The u l t i m a t e  goal i n  t h e  z i n c  o r t h o t i t a n a t e  p a i n t  system i s  t o  achieve a  
r e p r o d u c i b l e  eng ineer ing  m a t e r i a l  and f u l l  c h a r a c t e r i z a t i o n  o f  t h i s  m a t e r i a l  . 
It i s  recommended t h a t  t h z  f o l l o w i n g  s t u d i c b  be conducted t o  reach t h i s  goa l .  
7 .1 PIGMENT PREPARATION STUDIES 
7.1.1 Reproduci b i  1  i t y  i n  Powder P repara t i on  
Stud ies  shou ld  be conducted t o  ach ieve r e p r o d u c i b i l i t y  i n  pigment powder 
p repara t i on ,  i.e., syn thes i s  of a  p a r t i c l e  s i ze l shape  t o  assure maximum r e -  
f l e c t a n c e  o r  l owes t  s o l a r  absorptance. The s t u d i e s  w i l l  address v a r i a b l e s  i n :  
(1 )  p recu rso r  chemical such as t h e  c h l o r i d e s  and o x a l j c  a c i d  and t h e i r  p u r i t y ;  
(2 )  r e a c t i o n l p r e c i p i  t a t i o n  process;  (3 )  f i l  t r a t i o n l d r y i n g  procedure; (4 )  mix-  
i n g  techn ique o f  t i t a n i u m  and z i n c  o x ~ l a t e s ;  and ( 5 )  c a l c i n a t i o n  tech iques t o  
o b t a i n  t h e  f i n a l  pigment powder. Microscop ic  and X-ray a n a l y s i s  w i l l  be used 
t o  m o n i t ~ r  p a r t i c l e  s i z e  and shape and chemical compos i t ion  a long t h e  v a r i o u s  
s teps o f  syn thes i s .  
7.1.2 C o p r e c i p i t a t i o n  -- (COP) ~ s  -- . Mixed - - -  Oxala te  - (MOX)Method 
-- -
The two syn thes i s  methods shou ld  be examined f o r  t h e i r  r e s p e c t i v e  ease of 
reproduc i  b i  1  i t y  of Zn *Ti04 and f o r  amenabi 1  i ty t o  sca l  e-up . A1 though t h e  MOX 
method produces a  f i n e r  p a r t i c l e  s i z e  powder than  t h e  COP method, t h e  a, of 
t h e  r e s p e c t i v e  p a i n t s  a r e  n o t  g r e a t l y  d i f f e r e n t  (MOX = 0 .ll vs . COP = 0.1 2).  
The COP method uses one l e s s  p r e c i p i t a t i o n  process and e l i m i n a t e s  t h e  rleed f o r  
b a l l  m i l l i n g  t o  achieve powder m i x i n g .  Thus. buth  processes should be com- 
pared i n  a  s i n g l e  s tudy.  
7.2 PAINT STUDIES 
7.2.1 Pigment t o  B inder  R a t i o  (PBRL 
- ---- -- -- 
PBR's f o r  Zn2Ti04-PS7 p a i n t s  have been v a r i e d  f rom 4.3 co 10.6, w i t h  ap- 
parent  good aahesion t o  aluminum s u b s t r a t e s .  These va r ious  composi t ions 
shou ld  be c h a r a c t e r i z e d  as t o  phys i ca l  p r o p e r t i e s  (hardness, adhesion, cohe- 
s i o n  d e n s i t y )  ~ n d  o p t i c a l  p r o p e r t i e s  ( r e f l e c t a n c e  vs . wavelength, r e f l e c t a n c e  
I l l  R E S E A R C H  l N S T l T U T E  
vs . th ickness)  . The guidance of ac tua l  users such as aerospace f i r m s  would be 
sought t o  determine optimum p rope r t i es  ( o r  t r ade -o f f  d'esi r ed )  . 
7.2.2 Spraying Cha rac te r i s t i c s  
The e f f e c t s  o f  PBR and water content  i n  t , ~ e  p a i n t  fo rmu la t ion  on spray ing 
should be examined. These inc lude  sur face t ex tu re ,  water " f l ash"  t ime, and 
p red i  c t a b i  1  i t y  o f  th ickness bu i  1  dup . 
7.2.3 Substrate Mate r ia l  
H i s t o r i c a l l y ,  s i l i ca te-bonded pa in t s  such as 293 have been found t o  ad- 
here we l l  t o  p roper l y  prepared metal 1  i c  surfaces such as aluminum o r  magne- 
sium. However, the re  appears t o  be a  need t o  apply thermal con t ro l  coat ings 
onto polymeric subst ra tes such as f i be rg l ass ,  g raph i t e  composites o r  Kevl a r  . 
Studies w i l l  be performed t o  determine how t o  achieve optimum adhesion on such 
ma te r i a l s  (e  .g . subs t ra te  p repara t ion  and/or pr iming,  spraying technique, 
cure method). 
7.2.4 Space Q u a l i f i c a t i o n  
Zinc c r t h o t i t a n a t e - s i l i c a t e  pa in t s  need t o  be exposed t o  a  s imulated com- 
bined ( u l t r a v i o l e t  p lus  h igh energy p a r t i c u l a t e  r a d i a t i o n )  envi ronment t e s t  t o  
determine t h e i r  behavior i n  a  synchronous o r b i t  mission. Ul t rav io le t -vacuum 
t e s t  fo r  5000 ESH show Zc2Ti04 pa in t s  t o  be as s t ab le  as 293 f o r  neats-earth 
o r b i t s ;  t h e  more s t r i n g e n t  environment o f  a  synchronous o r b i t  needs t o  be ad- 
dressed. The p a i n t  parameters t o  be examined i n  t h i s  t e s t  i nc luae :  
pigment-to-binder r a t i o  
s to ich iometry  i .e. Zn-to-Ti r a t i o  
subs t ra te  e f f e c t s .  
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